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1.    Type  of  Action:     Administrative  (X)     Legislative  (  ) 


2.    Abstract:   The  Secretary  of  the  Interior  proposes  to  offer  for  lease  one 
or  two  additional  prototype  oil  shale  leases  in  the  Piceance  Basin, 
northwestern  Colorado  to  supplement  the  Department's  existing  prototype  oil 
shale  leasing  program.   The  environmental  and  socioeconomic  impacts  of  the 
following  alternatives  are  analyzed  in  this  EIS:   leasing  Tract  C-ll  only, 
I   ■  Lng  Tract  C---18  only,  1  ising  both  Tract  C-ll  and  C-18  (Combined 
Alternative),  and  a  No  Action  Alternative.   This  document  supplements  the  1973 
Prototype  EIS.   If  leased,  the  additional  tract(s)  would  provide  the 
opportunity  for  the  extraction  of  oil  shale  concurrently  with  associated 
minerals,  as  well  as  for  development  of  other  appropriate  technologies,  more 
completely  fulfilling  the  original  goals  of  the  prototype  program.   The  impact 
analysis  shows  that;  generally,  most  adverse  impacts  reach  significance  when 
compounded  by  developing  two  leases.   The  preferred  alternative  is  to  lease 
only  tract  C-ll. 


3.        The   draft   environmental    impact    statement   received   a   60  day   public   review 
Comments    receive;!    during    this    review    period    have    been    incorporated    into    the 
analysis    contained    in    this    Mnal    environmental    impact    statement.      Comments 
were   received    from   various   individuals,    organizations    and    governmental 
agencies    and    are   displayed    in   Part    2   of    this    document. 


4.  For   further    inf orma tion,    contact: 

John   Singlaubj    Team  Leader 
Bureau   of    Land   Management 
Whi  ti     River  Re      u  tree  Ar 
P0   Box   928 
Meeker,    CO      81 6 41 
Telephone:    (303)    878-3601 

5.  Date    Statement   made    available    to   EPA  and    to    the   public 
Draft   -   July    16,    1982 

Final   -   January   28,    1983 


a- 


DISTRIBUTION   LIST 
FEDERAL   AGENCIES 

Department    of   Agriculture 

Department    of    the   Army    Corps    of    Engineers 
Department    of    Energy 
Department    of    Interior 

U.S.    Fish   and  Wildlife    Service 

U.S.    Geological    Survey 

Minerals   Management   Service 

Bureau   of   Mines 

Bureau    of    Reclamation 

Office    of    Surface   Mining 

Bureau    of    Indian  Affairs  « 

National    Park    Service-Denver 
Department    of   Labor 

Mine    Safety   &    Health   Administration 
Department    of    Transportation 
Environmental    Protection  Agency 

STATE   AGENCIES 

Colorado   Dap      I        <t    of   Educal  "Ion 

C    L o r ad  o    I  ■ .  ■  ■  .     Line  nt    of  He al  t  h 

Colorado  Department  of  Natural  Resources 

Colorado  Department  of  Social  Services 

Colorado  Office  of  Energy  Conservation 

Colorado  State  Historic  Preservation  Office 

Colorado  State  Clearinghouse 

LOCAL  AGENCIES 

Town,  County  Government  Councils  &  Commissions 
Rifle 
Meeker 
Rangely 
Grand  Junction 
Rio  Blanco 
Garfield 
Mesa 
Mof  fa  t 

Western  Rio  Blanco  Parks  and  Recreation  District 

Eastern  Rio  Blanco  Metropolitan  Recreation  and  Parks  District 

Associated  Governments  of  Northwest  Colorado 

OTHER  ORGANIZATIONS  AND  INDIVIDUALS 

Numerous  organizations  and  individuals  expressing  interest  in  the  proposed 
action  have  also  been  sent  copies  of  this  statement. 


TABLE  OF  CONTENTS 

PART  1  —  FINAL  ENVIRONMENTAL  IMPACT  STATEMENT 

PREFACE  .• 8 

SUMMARY \d- 

CHAPTER  I  -   PURPOSE  AND  NEED  FOR  ACTION 

Introduction  and  Background  of  the  Prototype  Program  X-| 

Need  for  Additional  Prototype  Leasing X  -  "7" 

Purpose    of    the   Document I-  (o 

The    Leasing    Process . X  -  q 

Issues    and    Concerns    X"/Z^- 

Baseline  Assumptions    . . , X"~/& 

CHAPTER   II   -   DESCRIPTION   OF   THE   ALTERNATIVES 

Introduction JX"  I 

No    Action   Alternative    "JIT-  J> 

C-l  1  irnative    . .........  "TD*  '■-'■'•• 

« 

C-l 8   Alternative JJ>  3'f* 

Combined    Alternative JJL-"  Z°j 

Development    Scenarios JJU-*  '\''u- 

Alternatives    Considered    but   Eliminated JX  -  5  | 

Preferred   Alternative    » "TJJ-  SG 

CHAPTER    III    -  AFFECTED   ENVIRONMENT 

Ai  r   Qua! i  ty J7T  -  | 

Climate UX'  I  0 

Geology   and   Mineral   Activity. '.-Is 


Topography "ftf  -  3| 

Floodplains  J£[-  Z'l^ 

Alluvial  Valleys 1X)~  -  3^f 

Agricultural  Lands  . "XfX  "  3S" 

Soils ITT- 3  6 

Hydrology JOT"  4| 

t 

Vegetation  . . , ItT-S'/-- - 

wudiife inr-  S"9 

Cul  tural   Resources -04- "  k>*  I 

Paleon  tology J-U-'  &7 

VisuaJ    Resourc< . J_Q   *  en 

Recr  eation 10-  *  /2~- 

Wilderness    HT  -7S~ 

Social    HT  "7S 

Economics    J-U-  *°  5 

Transportation    J-^-  "  '  $> 

Noise ,  .  .  .  HT  -97 

Existing   Rights    . TO-  '  °/% 

CHAPTER    IV    -  ENVIRONMENTAL    CONSEQUENCES 

Air   Quality "3$C ~    I 

Climate JX2~~£3 

Geology   and   Mineral   Activity    X\T'  Z-3 

Floodplains    "3$- ~  oC> 

Alluvial    Valleys 33T-  V<o 

Agricultural    Lands    31^*  3$ 

Soils    "J^  f  0 


Hydrology TJT- ^ 

Vegetation    3j£~  7  5" 

Wildlife    .' "iST'87 

Cultural    Resources    - jEST-  /0^ 

Paleontology    '3$.  ~  1 0'7s 

Visual   Resources . 13X-'  lOZ 

Recreation "JSt 'lO'L 

Social  m/WOS 

Economics  JIT"  I'Z'T 

Transportation .  .  jQJf"'  /"T'T 

Noise JZ"'/S/ 

Net    Energy    Analysis 'J\£-j$!> 

Existing    Rights $£"i^> "J 

Surface   Reclamation   and    Solid   Waste    Disposal jQ^  ^9 

Summary    of    Significant    Impacts "TjZ""  179 

Unavoidable   Adverse    Impacts ^J^T*"  ! 

Short-term   Use   vs.    Long    Le  cm   Produc tivity    .....»..,..,...,>,....,...., 

Irreversible   and    Irretrievable   Committment   of    Resources jSE"  \>-> 

Conflicts   Wi  th   Other   Plans 'J^T'l^O 

Uncommitted   Mitigation   Measures "j^Jl ' 

CHAPTER   V    -   CONSULTATION   AND    COORDINATION 

List    of    Preparers "XT ,  A. 

*■**■   I 

APPENDIX  A  -  OIL  SHALE  LEASE  AND  ENVIRONMENTAL  STIPULATIONS  f\  *  \ 


<p 


APPENDIX   B    -   SOCIAL £-  | 

GLOSSARY    G "  | 

REFERENCES    ({"  j 

PART   2    —  COMMENTS   ON   THE   DRAFT   EIS,    AND   RESPONSES   TO   COMMENTS 

A.  Comments   on   the   Draft   EIS    . Cqw\~  J 

B .  Responses  'to    the   Comments C a rt  -  J 


7 


PREFACE 

This  Final  Environmental  Impact  Statement  (EIS)  is  a  full  reprint  of  the  Draft 
EIS,  incorporating  numerous  changes  and  corrections  that  resulted  from 
comments  on  the  Draft.   Part  1  is  the  Final  EIS  itself,  and  includes  the 
proposed  prototype  oil  shale  lease  in  Appendix  A.   Part  2  includes  copies  of 
the  letters  commenting  on  the  Draft  EIS,  the  transcripts  of  the  oral  testimony 
given  at  the  public  hearings  on  the  Draft  EIS  held  in  August  1982,  and 
responses  to  those  comments. 

Significant  Differences  Between  the  Draft  and  Final 


In  most  cases,  comments  required  corrections  or  clarifications  to  the  text. 
These  changes  have  been  made  and  generally  did  not  significantly  alter  the 
analysis,  but  simply  clarified  it  for  the  reader.   In  other  cases,  the 
analysis  has  been  expanded  to  add  new  information  that  was  either  not 
available  at  the  time  the  Draft  EIS  was  published,  or  that  was  provided  by 
commenters  on  the  Draft  EIS.   The  following  are  the  major  differences  in  the 
analysis  between  the  Draft  EIS  and  the  Final  EIS: 

Air  Quality  --  Since  the  air  quality  impact  analysis  was  performed  for  the 
Draft  EIS,  several  improvements  have  been  made  due  to  new  information,  review 
comments  and  improvements  in  the  state-of-the-art.   The  most  significant 
change  was  making  the  modeling  method  consistent  with  current  EPA  procedures 
to  appropriately  predict  air  pollutant  transport  and  dispersion  in  areas  of 
wind  field  convergence.   Because  of  this  improvement,  the  high  values  which 
were  predicted  west  of  Rifle,  Colorado,  do  not  appear  in  the  Final  EIS. 
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Another  major  change  concerns  assumed  emission  rates  from  proposed  facilities. 
The  improved  values  reflect  rates  corresponding  to  those  used  by  the 
regulatory  agencies.   These  emission  rates  have  also  been  modeled  separately 
for  near-ground  level  sources  and  elevated  sources,  resulting  primarily  in 
greater  near  source  ground  concentrations  of  total  suspended  particulates 
(TSP) .  'Some  emission  sources  were  removed  due  to  the  uncertainty  of  eventual 
operation  (Southwest  Power  Plant,  W.R.  Grace  Gasification,  Federal 
programmatic  leases)  or  due  to  their  minimal  size  (Sodium  mine).   Some 
emission  sources  were  added  (Utah  Synfuels,  Hayden  Power  Plant)  and  others 
were  moved  (Chevron  Upgrade,  Superior-Pacific  Project). 

Improved  preliminary  analyses  of  atmospheric  deposition  impacts  to  lakes  in 
the  Flat  Tops  Wilderness  have  been  incorporated  into  the  Final  EIS  analysis. 

In  performing  the  analysis  under  the  improved  conditions,  it  was  found  that 
the  west-southwest  wind  scenario  represented  the  "worst-case"  situation, 
rather  than  the  west  scenario  as  used  in  the  Draft  EIS. 

Presentation  of  the  results  was  improved  by:  displaying  project  location  and 
production  rate  assumptions;  including  rudimentary  background  TSP  maximum 
concentration  predictions;  presenting  ranges  of  predicted  values  based  on 
assumed  and  measured  meteorologic  conditions;  and  presenting  the  proportional 
contribution  of  sources  to  points  of  combined  maximums. 

As  a  result  of  all  these  changes,  the  impacts  predicted  in  the  Final  EIS 
differ  significantly  from  those  presented  in  the  Draft  EIS.   The  most 
significant  impacts  are  now  anticipated  to  be  air  quality  deterioration  north 


of   Rifle,  east  of  Bonanza,  Utah,  and  within  Dinosaur  National  Monument,  and 
the  Flat  Tops  and  Mt.  Zirkel  Wilderness  Areas  under  the  No  Action  Alternative. 

These  areas  would  not  be  further  impacted  by  any  of  the  development 
alternatives. 

Hydrology  —  Several  changes  and  additions  were  made  to  Chapter  IV  in  response 
to  comments,  including  the  following: 

1.  clarification  of  the  assumptions  and  methodology  used  in  the  groundwater 
model; 

2.  expansion  of  the  analysis  on  leachate  transport  through  the  groundwater 
system; 

3.  clarification  of  water  needs  and  the  source  of  development  water; 

4.  correction  of  conflicts  between  the  No  Action  Alternative  and  development 
alternatives  for  water  quality;  and 

5.  the  addition  of  new  sections  on  the  leaching  of  surface  spent  shale, 
surface  disposal  of  spent  shale,  surface  water  impacts  from  in-situ  leachates, 
and  leachates  associated  with  nahcolite  and  dawsonite  recovery. 

Geology  and  Mineral  Activity  —  Resource  recovery  estimates  have  been  revised, 
and  a  new  section  has  been  added  on  gassy  mine  conditions. 
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Surface  Reclamation  and  Solid  Waste  Disposal  —  This  section  has  been  moved 
from  Chapter  III  to  Chapter  IV  since  it  primarily  discusses  potential 
environmental  consequences  and  mitigation  measures  associated  with 
reclamation.   A  section  on  cooling  spent  shale  has  been  added  to  the  text,  and 
a  discussion  of  direct  revegetation  on  spent  shale  has  been  included  under  the 
"Surface  Disposal  of  Spent  Shale"  section. 

Existing  Rights  —  The  liabilities  of  potential  lessees  for  the  Bureau  of 
Mines  facility  at  Horse  Draw  on  Tract  C-l 1  have  been  explained. 

Social  —  Chapter  IV,  Environmental  Consequences,  has  been  substantially 
clarified  by  revisions,  and  the  mitigation  section  has  been  expanded.   Lengthy 
responses  have  been  provided  in  Part  2,  Responses  to  Comments,  that  clarify 
portions  of  the  analysis  on  facilities  and  services,  and  on  the  concept  of 
"winners  and  losers"  which  helps  correct  misconceptions  about  impacts  on 
at-risk  groups  such  as  the  elderly. 

Economics  —  Population  impact  graphs  in  the  Summary  section  have  been  revised 
to  show  the  contributions  of  major  projects  to  baseline  growth  in  Meeker  and 
Rifle.   Chapter  IV  has  been  expanded  to  include  a  discussion  of  the  danger  of 
creating  a  one-industry  economy,  and  a  section  on  impacts  to  community  bonding 
capacities  and  capital  improvements  requirements. 

Proposed  Oil  Shale  Lease  and  Environmental  Stipulations  —  The  final  phrase  of 
the  preamble  stating  that  requirements  of  all  regulations  promulgated  by  the 
Secretary  of  Interior  after  the  lease  is  signed  are  to  be  incorporated  by 
reference,  has  been  deleted. 
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Language  was  added  to  the  lease  to  clarify  the  intent  of  the  Department  of 
Interior  to  lease  both  oil  shale  and  associated  minerals  in  the  saline  zone. 
Definitions  in  Section  1  of  the  lease  have  been  expanded,  and  Section  10  now 
requires  that  a  lessee  specify  the  schedule  for  development  of  the  associated 
minerals  in  the  Detailed  Development  Plan. 

Section  2  of  the  lease  now  specifies  that  all  operations  conducted  under  the 
lease  be  in  compliance  with  all  Federal,  State  and  local  statutes,  regulations 
and  standards. 

Section  7  of  the  lease  has  been  clarified  to  explain  how  royalty  rates  are 
determined,  and  an  example  is  included  in  Part  2,  P.esponses  to  Comments, 
Response  Number  119. 

Section  15  of  the  Environmental  Stipulations  has  been  rewritten  to  include 
socioeconomics  and  off-site  transportation  stipulations.   The  contents  of  the 
socioeconomic  and  transportation  report  have  been  clarified  and  the  roles  of 
the  lessee,  local  government  and  the  Federal  government  have  been  specified. 

Minor  editorial  corrections  were  also  made  to  the  lease  and  environmental 
stipulations . 

Preferred  Alternative  —  The  Final  EIS  identifies  a  preferred  alternative;  to 
lease  only  Tract  C-ll.   The  justification  for  this  decision  is  included  in  the 
Summary  and  Chapter  II,  Preferred  Alternative. 
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Changes  That  Were  Not  Made  To  The  Final  EIS 

Numerous  changes  and  major  revisions  were  recommended  but  were  not  made.  Some 
of  these  are  described  below,  but  all  have  been  explained  in  detail  in  Part  2, 
Responses  to  Comments. 

Baseline  --  The  baseline  described  in  the  Draft  EIS  has  not  been  changed. 
While  it  is  recognized  that  some  of  the  projects  assumed  under  the  No  Action 
Alternative  have  been  temporarily  halted  or  slowed,  it  is  also  assumed  that 
they  could  just  as  quickly  start  up  again.   The  air  quality  baseline  has  been 
brought  into  line  with  the  rest  of  the  document.   For  more  discussion  of  the 
rationale  for  this  decision,  see  Response  number  4  in  Part  2. 

Other  Alternatives  —  Many  commenters  felt  a  whole  range  of  alternatives 
should  be  analyzed  in  addition  to  those  described  in  the  Draft  EIS.   These 
included  other  energy  alternatives,  other  site  and  tract  alternatives,  and 
alternative  control  technologies.   No  new  alternatives  have  been  analyzed. 
See  Response  numbers  8,  125  and  138  in  Part  2  for  the  rationale. 

Minerals  Management  Service  —  While  the  Final  EIS  was  being  prepared,  the 
on-shore  functions  of  the  Minerals  Management  Service  were  transferred  to  the 
Bureau  of  Land  Management.   All  references  to  that  organization  in  the  text 
and  in  the  lease  have  been  left  unchanged,  with  the  assumption  that  statements 
made  regarding  that  organization  will  apply  in  the  same  manner  to  the  newly 
responsible  organization  within  BLM. 

Finally,  those  who  commented  on  the  Draft  EIS  are  encouraged  to  turn  to  Part  2 
of  the  Final  EIS  to  determine  the  disposition  of  their  comments. 
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SUMMARY 

Proposed  Action 

The  Secretary  of  Interior  proposes  to  offer  one  or  two  additional  prototype 

oil  shale  tracts  in  the  Piceance  Basin  of  northwest  Colorado. 

This  environmental  impact  statement  examines  the  environmental  and 
socioeconomic  impacts  that  would  result  from  that  proposed  action.   The 
purpose  of  this  document  is  to  assist  the  Secretary  of  Interior  in  making  a 
decision  on  whether  or  not  to  hold  a  lease  sale  in  April  1983,  and  if  one  is 
held,  which  tract(s)  to  offer.   It  supplements  the  1973  Prototype 
Environmental  Impact  Statement,  updating  environmental  data  which  has  become 
available  since  that  time,  and  analyzing  the  impacts  of  leasing  an  additional 
tract  that  was  not  included  in  that  document. 

Alternatives  Addressed 

A  total  of  four  alternatives  are  examined  in  the  Environmental  Impact 
Statement:   the  No  Action  Alternative,  the  C-ll  Alternative,  the  C-18 
Alternati ve ,  and  the  Combined  Alternative.   These  alternatives  are  based  on 
tracts  of  land  for  which  interest  has  been  expressed  by  industry.   Only  two 
tracts  (C-ll  and  C-18)  are  analyzed.   The  No  Action  Alternative  examines  the 
impacts  of  development  that  may  occur  without  this  leasing.   The  C-ll 
Alternative  analyzes  th   impacts  of  leasing  only  Tract  C-ll.   The  C-18 
Alternative  examines  the  effects  of  leasing  only  Tract  C-18.   The  Combined 
Alternative  analyzes  leasing  both  C-ll  and  C-18.   The  location  of  these 
proposed  tracts  is  shown  in  Figure  S-l. 
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Figure  S-2  Predicted  annua!  population  growth  by  alternative  for  Meeker,  Colorado,  showing  cont. i- 
bution  of  major  projects  included  in  the  IMo  Action  Alternative.  Numbers  in  parenthisis 
are  the  percentages  of  annual  growth  rates  predicted  for  1983  -  and  1938  -  1993. 
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Figure  S-3  Predicted  annual  population  growth  by  alternative  for  Rifle,  Colorado,  showing  contri- 
bution of  major  projects  included  in  the  No  Action  Alternative.  Numbers  in  parenthisis 
are  the  percentages  of  annual  growth  rates  predicted  for  1983  -  and  1988  -  1993. 
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Figure  S-4  Predicted  annual  population  growth  by  alternative  for  Rifle,  Colorado,  showing  contri- 
bution of  major  projects  included  in  the  No  Action  Alternative.  Numbers  in  parenthisis 
are  the  percentages  of  annual  growth  rates  predicted  for  1983  -   and  1980  -  1993. 
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Several  kinds  of  development  technology  may  be  used  to  extract  the  shale  oil 
and  other  resources.   Three  generalized,  but  reasonable  development  scenarios 
have  been  identified  to  cover  the  range  of  potential  technologies  on  each 
tract.   Any  of  the  three  kinds  of  development  could  occur  on  either  tract. 

The  scenarios  are:   direct  mining  and  surface  retorting  of  the  saline  zone  by 
room-and-pillar ,  chamber-and-pillar ,  sublevel  stoping,  crater  retreat  or 
similar  methods;  mine  assisted  in-situ  which  involves  mining  and  surface 
retorting  of  a, portion  of  the  resources,  and  in-situ  retorting  of  the 
remaining  oil  shale;  and  true  in-situ  processing  which  involves  leaching  away 
boluable  minerals  such  as  nahcolite,  then  retorting  the  shale  oil  in  place  by 
circulating  a  heated  working  medium  such  as  gas,  superheated  water,  or  steam. 

Once  any  of  these  methods  of  processing  the  saline  zone  resources  is 
completed,  it  would  be  possible  to  recover  oil  from  upper  zone  shales  by 
either  direct  mining  or  mine  assisted  in-situ  methods. 

Regardless  of  which  development  scenario  would  occur,  the  Environmental  Impact 
Statement  analyzes  two  reasonable  levels  of  production:   25,000  barrels  per 
day  and  50,000  barrels  per  day  for  each  tract,  and  a  50,000  to  100,000  barrels^ 
per  day  total  production  rate  if  both  tracts  are  leased. 

Alternatives  that  were  considered,  but  eliminated  from  further  study  included: 
offering  more  than  two  leases,  offering  tracts  larger  than  5,120  acres, 
analyze  other  areas  outside  the  tracts  offered  for  expressions  of  interest, 
inter tract  bidding,  analyzing  other  areas  where  interest  was  expressed  but 
were  not  delineated  as  tracts,  and  delaying  the  lease  sale  beyond  the  proposed 
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March  1983  lease  sale  date.   A  description  of  these  proposals  and  why  they 
were  eliminated  from  further  consideration  is  included  in  Chapter  II.   No 
other  alternatives  were  presented  that  would  have  fewer  apparent  impacts,  or 
that  would  better  meet  the  Department  of  Interior's  goals  for  the  prototype 
program. 

Conclusions 

The  results  of  the  impact  analysis,  focusing  on  the  critical  environmental 
elements  that  will  be  affected  under  the  No  Action  and  development 
alternatives  are  discussed  below. 

No  Action  Alternative 

In  order  to  study  the  environmental  consequences  of  any  of  the  leasing 
alternatives,  a  baseline  was  constructed  as  a  hypothetical  starting  point  for 
measuring  impacts.   This  baseline  includes  all  of  the  development  and  land 
uses  reasonably  anticipated  for  the  region  in  the  foreseeable  future.   The 
specific  projects  included  in  this  baseline  are  identified  in  Chapter  II,  No 
Action  Alternative.   It  should  be  understood  that  every  attempt  was  made  to 
describe  a  reasonable  baseline  so  that  impacts  predicted  for  the  development 
alternatives  would  not  be  exaggerated  or  underestimated.   Some  of  the  major 
projects  assumed  for  baseline  purposes  include:   the  Colony  project  near 
Parachute  that  suspend  d  operations  while  this  document  was  being  prepared; 
prototype  oil  shale  tracts  C-a  and  C-b  that  have  both  significantly  slowed 
development,  but  that  are  anticipated  to  resume  operations;  Union,  Mobil, 
Chevron  and  other  private  oil  shale  operations  in  the  Grand  Valley  that  are 
anticipated  to  continue  forward  with  their  current  plans. 
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The  critical  environmental  elements  affected  under  the  No  Action  Alternative 
include  social,  economic  and  air  quality  impacts  to  Rifle.   Figures  S-2 
through  S-4  show  the  average  annual  percent  population  growth  rate  of  Meeker 
and  Rifle,  Colorado,  predicted  for  the  No  Action  Alternative  and  for  the 
development  alternatives.   Between  1983  and  1988,  the  City  of  Rifle  is 
anticipated  to  grow  at  an  average  annual  compounded  rate  of  approximately  ten 
percent  even  without  additional  prototype  leasing.   Meeker  would  grow  at 
approximately  five  to  seven  percent  per  year  during  the  same  time  period.   If 
these  predictions  hold  true,  it  is  likely  that  Meeker  could  sustain  such  a 
growth  rate  without  serious  social  and  economic  hardship.  However,  Rifle  would 
be  approaching  the  point  where  social-structural  breakdowns  in  a  community 
could  begin  to  occur  (around  10  percent). 

Rifle  is  more  significantly  affected  in  this  model  since  it  is  closer  to  the 
private  oil  shale  developments  anticipated  to  take  place  in  the  Grand  Valley. 
Variations  in  this  baseline  (such  as  a  total  Colony  or  Union  shutdown)  could 
significantly  affect  this  rate  of  growth  in  the  No  Action  Alternative,  and 
therefore,  would  affect  the  significance  of  impact  of  the  development 
alternatives.   Figures  S-2  through  S-4  break  out  the  larger  projects  in  the 
baseline  to  show  their  projected  contribution  to  total  population  increases 
predicted  for  Meeker  and  Rifle. 

Air  quality  north  of  Rifle,  east  of  Bonanza,  Utah,  within  Dinosaur  National 
Monument,  and  the  Flat  Tops  and  Mt .  Zirkel  Widerness  Areas  (see  Figure  III-l) 
may  deteriorate  due  to  industrial  project  emissions  by  the  year  2003  under  the 
"No  Action"  alternative.   The  most  significant  impacts  identified  during  the 
air  quality  analysis  are  possible  exceedances  of  PSD  Class  II  increments  for 
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total  suspended  particulates  (TSP)  and  sulfur  dioxide  (S02)  north  of  Rifle, 
and  Class  II  TSP  east  of  Bonanza,  Utah.   There  is  also  a  moderate  to  low 
potential  that  Class  I  TSP  and  S02  increments  would  be  exceeded  within  Flat  ' 
Tops  Wilderness,  and  that  the  Colorado  Category  I  SO2  increment  may  be 
exceeded  in  Dinosaur  National  Monument.   Ground  level  SO2  concentrations  in 
Mt.  Zirkel  Wilderness  are  predicted  to  be  higher  than  the  Class  I  increment, 
but  this  is  due  solely  to  a  non-increment  consuming  source,  for  which  PSD 
increment  considerations  do  not  apply.   Additional  prototype  lease  impacts  are 
predicted  to  be  within  all  PSD  increments  and  would  not  contribute  to  the 
predicted  exceedances  under  any  of  the  development  alternatives.   Table  IV-2 
in  Chapter  IV,  Environmental  Consequences,  details  these  predicted  impacts, 
including  major  sources. 

The  decision  maker  should  be  aware  that  these  impacts  are  predicted  using 
atmospheric  dispersion  modeling  which  is  state-of-the-art  but  "wors t-case" . 
Since  no  complex  terrain/regional  transport  modeling  approach  has  been 
adequately  tested,  and  site  specific  information  is  lacking,  the  modeling 
approach  applied  "worst-case"  assumptions,  braciceting  the  worst  possible 
situation  in  a  conservative  analysis.   Site  specific  analyses,  such  as  those 
required  in  the  regulatory  process,  may  yield  low  concentration  values. 

Development  Alternatives 

The  analysis  of  the  environmental  consequences  of  leasing  indicates  that  a 
number  of  significant  impacts  would  occur  under  all  of  the  development 
alternatives.   In  most  cases,  impacts  will  vary  by  development  scenario  and 
production  rate,  rather  than  by  the  tract  leased.   In  general,  the  higher  the 
production  rate,  the  more  employees,  product  transportation  needs,  surface 
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disturbance,  and  their  resulting  impacts,  would  occur.   The  different 
development  scenarios  create  impacts  that  vary  by  the  resource  that  is 
affected.   These  impacts  are  described  in  detail  in  Chapter  IV,  Environmental 
Consequences. 

Total  estimated  in-place  reserves  of  shale  oil,  nahcolite  and  dawsonite  for 
each  of  the  two  tracts  are  similar,  as  shown  below: 


Lease  Tract 


Shale  Oil 


Nahcolite 


Dawsonite 


C-ll 
C-18 
Total 


'  9.2  bil.  bbls 
10.2  bil.  bbls 
19. A  bil.  bbls 


3.8  bil .  tons 
4.1  bil.  tons 

7.9  bil.  tons 


0.9  bil.  tons 
1.0  bil.  tons 
1.9  bil.  tons 


For  purposes  of  comparison,  the  estimated  in-place  shale  oil  resource  on  only 
one  of  these  tracts  is  approximately  equal  to  the  proven  oil  reserves  on  the 
North  Slope  of  Alaska.   The  important  variable,  however,  is  the  amount  of  this 
resource  that  can  be  recovered  using  known  methods  of  mining  and  retorting. 
Using  currently  proven  methods  of  shale  processing,  up  to  28  percent  of  this 
shale  reserve  could  be  recovered.   New  technologies  could  significantly 
improve  this  recoverability  rate,  however,  none  have  successfully  been  proven 
to  date.   It  is  felt  that  there  is  not  enough  difference  in  reserves  between 
the  two  tracts  to  favor  one  tract  or  the  other.  Production  from  either  tract 
could  conceivably  continue  at  a  rate  of  25,000  or  50,000  bbls/day  for  up  to 
100  years. 

If  the  decision  is  made  to  lease  only  one  tract,  there  are  advantages  and 
disadvantages  associated  with  leasing  either  C-ll  or  C-18.   Tract  C-18  would 
be  easier  to  develop  and  to  reclaim  than  C-ll,  since  the  topography  is  more 
gentle,  there  is  more  available  topsoil  for  covering  spent  shale  disposal 


IT> 


piles,  and  there  are  more  north-facing  slopes.   C-ll  is  dissected  by  drainages 
dipping  into  Ryan  Gulch,  containing  steep  sideslopes  with  a  southern  exposure. 
Less  erosion  and  faster  reclamation  would  occur  on  C-18,  thereby  benefitting 
livestock  forage  and  wildlife  habitat  which  would  be  more  quickly  replaced. 

Tract  C-ll  contains  alluvial  valleys  and  floodplains  that  could  be  potentially 
affected,  whereas  C-18  does  not.   C-ll  has  considerably  more  critical  deer 
winter  range  than  C-18,  and  more  known  raptor  nests.   On  the  other  hand,  the 
density  of  cultural  sites  is  greater  on  C-18  than  on  C-ll. 

Most  of  Tract  C-18  is  presently  encumbered  by  a  sodium  lease  and  an  approved 
nahcolite  recovery  mine  plan.   Prior  to  any  oil  shale  leasing  on  this  tract, 
an  agreement  would  have  to  be  developed  between  the  current  sodium  lease 
holder  and  the  government,  that  would  assign  the  sodium  lease  to  the 
successful  bidder.   It  is  assumed  that  development  of  this  mine  will  occur 
simultaneously  with  oil  shale  if  C-18  is  leased,  and  independently  (sodium 
minerals  only)  if  C-ll  is  leased.   This  situation  would  result  in  generally 
fewer  socioeconomic,  transportation  and  surface  disturbance-related  impacts 
under  the  C-18  Alternative  than  under  the  C-ll  Alternative.   On  the  other 
hand,  C-ll  is  unencumbered  by  a  sodium  lease,  presumably  making  it  easier  to 
lease  and  develop  that  tract  than  C-18. 

Tract  C-ll  includes  the  Bureau  of  Mines  Research  Facility  at  Horse  Draw,  that 
may  or  may  not  be  an  advantage  to  a  potential  developer.   If  the  lessee 
determines  that  the  Horse  Draw  Facility  would  be  beneficial  to  his  operations, 
an  agreement  would  have  to  be  reached  whereby  the  lessee  would  assume  all 
liabilities  associated  with  the  facility.   If  not,  the  Bureau  of  Mines  would 
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reclaim  the  facility  in  accordance  with  their  existing  approved  reclamation 
and  abandonment  plan.   C-ll  also  contains  more  public  water  reserves  and 
existing  pipelines  than  C-18,  which  may  be  affected  by  development  of  Tract 
C-ll. 

The  critical  elements  that  should  be  taken  into  consideration  by  the 
decision-maker  prior  to  leasing  additional  prototype  tracts,  include  air 
quality,  hydrology,  socioeconomics  and  transportation.   These  elements  and  the 
factors  to  be  considered  are  described  below. 

As  previously  stated,  it  is  probable  that  air  quality  would  deteriorate  north 
of  Rifle,  east  of  Bonanza,  Utah,  and  within  Dinosaur  National  Monument,  Flat 
Tops  and  Mt .  Zirkel  Wilderness  Areas  under  the  No  Action  Alternative.   These 
areas  would  not  be  further  impacted  b}'  any  of  the  development  alternatives. 
Local  air  pollution  episodes  would  probably  be  more  severe  on  Tract  C-ll  due 
to  topographical  influences  —  frequent  temperature  inversions  and  drainage 
winds  are  likely.   Tract  C-18  modeling  analysis  predicted  greater  local 
impacts  (due  to  the  lower  eraisssion  source  elevation)  and  slightly  higher 
N0X  values  in  Mt.  Zirkel  Wilderness.   Local  scale  modeling,  including 
diurnal  meteorologic  effects,  would  be  necessary  to  adequately  quantify  these 
differences,  however. 

Water  quality  and  quantity  problems  could  occur  under  all  of  the  development 
alternatives.   Because  the  two  lease  tracts  are  located  between  the  two  major 
drainages  in  the  basin,  (Piceance  and  Yellow  Creeks)  the  potential  for 
hydrologic  impacts  to  these  creeks  is  increased.   Mine  dewatering  would  affect 
the  groundwater  contributions  to  both  Piceance  and  Yellow  Creeks  regardless  of 
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the  alternative  selected  and  is  more  or  less  proportionate  to  the  production 
rate.  How  the  dewatering  is  conducted  and  the  mitigation  performed  will 
determine  the  resulting  impacts  to  the  groundwater  system* 

Two  principal  groundwater  quality  problems  have  been  identified,  and  are 
associated  principally  with  any  kind  of  in-situ  retorting:   contamination  from 
leaching  of  flooded  retort  chambers,  and  aquifer  mixing.   Leaching  of  flooded 
retort  chambers  could  be  the  most  serious  problem,  since  control  of  retort 
process  contaminants  is  difficult  to  achieve  underground.   The  contaminants 
most  likely  to  increase  are  pH,  sulphates,  sodium,  chlorine,  certain  trace 
elements,  and  certain  organic  compounds.   The  impacts  from  these  pollutants 
are  highly  site-specific  and  vary  greatly  with  local  hydrology.   Movement  of 
the  contaminants  through  the  groundwater  system  may  take  centuries  since 
groundwater  movement  is  slow. 

Mixing  of  aquifers  could  be  a  problem  in  the  lease  tract  area  because  of  the 
difference  in  water  quality  of  the  two  aquifers.   Mine  dewatering  will  cause 
the  movement  of  water  between  aquifers.   Accelerated  mixing  could  occur  after 
mining  operations  have  ceased  if  the  entire  Mahogany  Zone  has  been  extracted. 
By  removing  this  aquitard,  mixing  of  the  two  aquifers  would  occur  more 
rapidly. 

Surface  water  supply  impacts  were  also  modeled.   Predictions  show  that 
reductions  in  the  flow  of  the  White  River  would  amount  to  about  four  percent 
at  a  production  rate  of  100,000  bbls/day,  a  relatively  insignificant  amount  to 
the  flow  of  the  White  River,  but  this  water  would  be  lost  to  other  uses  such 
as  agriculture.   Of  more  significance  is  the  reduction  in  flow  in  Yellow  and 
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Piceance  Creeks  resulting  from  mine  dewatering.   Piceance  Creek  could  begin 
experiencing  periods  of  no  flow,  and  Yellov;  Creek  could  remain  dry  for  more 
than  50  percent  of  the  time.   These  affects  could  be  mitigated  by  water 
reinjection,  however,  the  success  of  such  a  program  is  still  unproven. 

Population  increases  will  occur  with  additional  leasing,  creating  severe 
social  and  economic  impacts  to  the  communities  of  Rifle  *and  Meeker,  if  the 
baseline  impacts  identified  for  the  No  Action  Alternative  occur  as  described 
above.   Total  populations  could  increase  at  an  annual  rate  of  15  to  17  percent 
between  1983  and  1988  in  Rifle  if  only  one  tract  is  leased,  and  from  20  to  23 
percent  per  year  if  both  tracts  are  leased  (see  Figures  S-3  and  S-4).   This 
range  could  create  very  severe  social  structural  breakdowns  for  the  community. 

Meeker  would  not  be  as  severely  affected,  as  shown  in  Figures  S--2.   Leasing 
one  tract  could  result  in  annual  population  increases  of  11  to  14  percent  from 
1983   to  1988.   Leasing  both  tracts  would  increase  that  rate  of  growth  to  16 
to  20  percent  annually,  potentially  creating  some  severe  breakdowns  in  the 
community's  ability  to  cope  with  growth.   Other  communities  in  the  region 
would  also  be  affected  but  are  not  predicted  to  reach  these  growth  rates. 

It  is  evident  that  the  key  to  these  predictions  is  the  actual  growth  that  will 
take  place  without  additional  leasing.   The  decision-maker  is  encouraged  to 
examine  development  potential  of  private  oil  shale  projects  in  the  region 
prior  to  offering  additional  tracts  for  lease,  and  comparing  real  growth  to 
the  No  Action  Alternative  constructed  here. 
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The  analysis  shows  a  significant  increase  in  traffic  on  Piceance  Creek  Road, 
and  State  Highway  L3  to  Rifle,  resulting  from  trucking  of  solid  minerals.   If 
all  solid  mineral  products  anticipated  from  direct  mining  or  mine  assisted 
in-situ  scenarios  are  shipped  from  the  proposed  lease  tract  by  truck  to 
market,  or  the  Rifle  railhead,  1,000  to  2,000  additional  trucks  would  be  using 
these  road  segments  daily,  if  only  one  tract  is  leased.   These  numbers  would 
double  if  two  tracts  are  leased.   These  numbers  are  high  enough  to  warrant 
consideration  of  other  methods  of  product  transportation,  although  initial 
product  transportation  could  be  handled  over  the  existing  system.   These 
impacts  would  occur  even  if  a  pipeline  were  constructed  to  transport  shale 
oil.   A  slurry  pipeline,  or  more  probably  a  rail  system  will  have  to  be 
considered  by  the  lessee  in  the  future  to  transport  solid  products. 

While  a  number  of  trade-offs  must  be  considered  in  determining  which  of  the 
two  tracts  would  be  more  desirable  to  lease,  it  is  very  clear  that  leasing 
both  tracts  would  have  the  most  impacts.   Due  to  their  proximity  to  one 
another,  environmental  and  socioeconomic  impacts  are  compounded  under  the 
Combined  Alternative,  in  some  cases  resulting  in  severe  impacts. 

Most  of  Tract  C-18  is  currently  leased  for  sodium  minerals  to  the  Wolf  Ridge 
Corporation.   Since  early  1982,  BLM  has  been  attempting  to  work  out  an 
agreement  with  Wolf  Riu^e  Corporation  whereby  their  interest  in  the  sodium 
lease  could  be  assigned  to  a  successful  bidder  on  C-18.   BLM  and  Wolf  Ridge 
have  been  unable  to  resolve  these  legal  issues  and  for  this  reason,  >l-fc— io- 
.c-eootiHRefftkH} — t-ha€  C-18.not  be  offered  for  lease*   The  preferred  alternative  is 
to  offer  only  Tract  C-ll  for  lease. 
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CHAPTER  I 

PURPOSE  AND  NEED  FOR  ACTION 

Introduction  and  Background  of  the  Prototype  Program 

The  Resource 

The  oil  shale  deposits  of  the  Creen  River  Formation  occur  in  several  geologic 
basins  in  Colorado,  Utah  and  Wyoming.   Although  much  of  the  oil  shale 
resources  contained  in  these  basins  cannot  be  recovered  with  current 
technology,  estimated  economically  recoverable  reserves  could  satisfy  the 
United  States'  oil  needs  well  into  the  21st  century. 

Approximately  72  percent  of  the  land,  overlying  80  percent  of  the  oil  shale 
resource,  is  managed  by  the  Bureau  of  Land  Management.   Most  of  this  Federal 
land  is  located  near  the  depositional  centers  of  these  basins  containing  the 
richest  deposits. 

The  Piceance  Basin  of  Colorado  is  the  richest  of  these  basins,  and  is  one  of 

the  richest  single  oil  shale  deposits  in  the  world.   In  an  area  of  some  1,500 

square  miles,  well  over  a  trillion  barrels  of  shale  oil  are  estimated  to 
occur . 

It  is  important  to  recognize  that  the  oil  shale  in  the  basin  is  of  high 
quality,  it  is  concentrated  in  a  relatively  small  area  when  compared  to  oil 
shale  deposits  elsewhere  in  the  world,  and  that  the  majority  of  the  richest 
deposits  are  federally  administered.   The  quality  and  availability  of  the  oil 
shale  resource  and  the  other  associated  minerals  in  the  Piceance  Basin  is 
discussed  in  more  detail  in  Chapter  III,  Geology  and  Mineral  Activity. 


Leasing 

Attempts  to  recover  shale  oil  in  the  Piceance  Basin  have  met  with  varying 

degrees  of  interest  and  success  since  the  early  1900' s.   The  Mineral  Lands 

Leasing  Act  of  1920  enabled  the  Secretary  of  Interior  to  lease  oil  shale  on 

Federal  lands,  provided  that  no  lease  tract  exceeds  5,120  acres,  an  annual 

« 
rental  of  50  cents  per  acre  is  assessed,  and  that  no  individual  or  firm  can 

hold  more  than  this  total  acreage  under  lease  in  the  United  States.   Except 

for  these  provisions,  the  Secretary  was  given  broad  discretion  to  select  lease 

tracts  and  develop  lease  terms. 

j 

It  was  not  until  the  early  1970' s,  however,  that  a  leasing  program  wa s 

developed  and  oil  shale  leases  were  actually  sold.   In  1971,  the  Prototype  Oil 

Shale  Leasing  Program  Statement  was  released,  and  industry  was  requested  to 

submit  lease  tract  nominations.   Twenty  tracts  were  nominated:   13  in 

Colorado,  4  in  Utah,  and  3  in  Wyoming.   The  Department  of  Interior  designated 

six  of  these  tracts  to  be  offered  for  lease  --  two  in  each  of  the  states.   On 

April  30,  1973,  the  Final  Environmental  Impact  Statement  (EIS)  for  the 

Prototype  Oil  Shale  Leasing  Program  was  released,  and  the  lease  sale  was  held 

in  early  1974.   That  document,  referred  to  here  as  the  1973  Prototype  EIS, 

examined  the  regional  impacts  of  oil  shale  development,  as  well  as  the  site 

specific  impacts  of  leasing  the  six  tracts.   Each  of  the  other  potential  lease 

tracts  nominated  by  industry  were  given  only  brief  treatment  in  the  1973 

Prototype  EIS. 

The  history  of  Federal  oil  shale  leasing  is  discussed  in  detail  in  An 
Assessment  of  Oil  Shale  Technologies  Volume  II  (Congressional  Office  of 
Technology  Assessment  1980). 
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Objectives  of  the  Prototype  Program 

The  goals  of  the  Federal  Prototype  Oil  Shale  Leasing  Program  were  established 

in  1973  by  the  Secretary  of  Interior.   They  are: 

1.  to  provide  a  new  source  of  energy  to  the  Nation  by  stimulating  the 
development  of  commercial  oil  shale  technology  by  private  industry; 

2.  to  ensure  the  environmental  integrity  of  the  affected  areas  and  at  the 
same  time  develop  a  full  range  of  environmental  safeguards  and  restoration 
techniques  that  will  be  incorporated  into  the  planning  of  a  mature  oil  shale 
industry,  should  one  develop; 

3.  to  permit  an  equitable  return  to  all  parties  in  the  development  of  this 
public  resource;  and 

4.  to  develop  management  expertise  in  the  leasing  and  supervision  of  oil 
shale  development  in  order  to  provide  the  basis  ror  future  administrative 
procedures  . 

The  initial  Prototype  Program  was  designed  with  the  concept  that  six  lease 
tracts  in  three  states  would  be  developed  with  significantly  different  mining 
and  processing  technologies,  and  that  commercial-scale  production  of  about 
250,000  barrels  per  day  (bbls/day)  would  be  achieved  by  1980.   However,  the 
Wyoming  leases  were  not  sold,  and  development  of  the  Utah  tracts  was  suspended 
due  to  legal  ownership  questions.  Development  has  only  recently  resumed  in 
Utah,  postponing  production  plans  by  several  years. 


Existing  Leases 

The  four  leases  issued  under  the  prototype  program  are  called  U-a  and  U-b  in 
Utah,  and  C-a  and  Ob  in  Colorado.   The  Utah  tracts  are  in  the  early  stages  of 
development  of  access  preparatory  to  sinking  mine  entries. 

Colorado  lease  Tract  C-a,  held  by  the  Rio  Blanco  Oil  Shale  Company,  originally 
proposed  an  open  pit  mine  with  aboveground  retorting.   They  planned  to  dispose 
of  the  processed  shale  off-tract.   Subsequent  to  leasing,  the  Department  of 
Interior  determined  that  it  lacked  adequate  authority  to  lease  surface  use  of 
off-site  lands.   C-a  then  switched  to  an  experimental  modified  in-situ  process 
which  was  successfully  tested  in  1981-1982.   However,  it  was  determined  that 
the  original  open  pit  mining  proposal  would  provide  for  a  more  economic  return 
and  more  efficient  recovery  of  the  resource.   Further  development  at  C-a  is 
now  nearly  at  a  standstill  in  anticipation  of  pending  legislation  permitting 
offsite  disposal  of  processed  shale. 

Tract  C-b  is  leased  to  the  Cathedral  Bluffs  Shale  Oil  Company.   They 
originally  proposed  an  underground  mine  with  aboveground  retorting.   As 
development  progressed,  it  was  discovered  that  the  shale  may  be  too  fractured 
to  allow  for  the  extraction  of  economic  quantities  of  oil  shale.   Their  plans 
were  then  changed  to  a  modified  in-situ  process.   C-b  has  also  significantly 
slowed  development  operations  while  reevaluating  engineering  feasibility  and 
awaiting  improved  economic  conditions. 

Need  for  Additional  Prototype  Leasing  and  the  Proposed  Action 
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The  objectives  of  the  prototype  program  have  only  been  partially  realized. 
Since  modified  in-situ  development,  underground  mining  with  aboveground 
retorting,  and  possibly  open  pit  mining  are  the  only  technologies  to  be 
elected  for  use  under  the  program,  additional  leasing  would  be  required  to 
ensure  that  all  available  technologies  for  oil  shale  are  adequately  tried. 
Specifically,  two  kinds  of  development  have  been  suggested:  true  in-situ 
processing  and  mining  associated  minerals  concurrently  with  oil  shale. 

As  discussed  above,  the  original  intent  of  the  prototype  program  was  to  lease 
six  tracts  as  assessed  in  the  1973  Prototype  EIS.   Since  no  bids  were  received 
on  the  Wyoming  tracts  offered  for  sale  in  1974,  a  total  of  only  four  tracts 
have  been  leased. 

With  this  in  mind,  in  November  1981,  the  Assistant  Secretary  of  Interior  for 
Land  and  Water  Resources  directed  that  the  Bureau  of  Land  Management  provide 
for  offering  one  or  two  additional  tracts  under  the  prototype  program  by  early 
1933.   (This  is  the  proposed  action  ot  this  document.)   If  feasible,  these 
lease  offerings  would  provide  the  opportunity  for  development  of  oil  shale 
concurrently  with  associated  minerals  as  well  as  other  appropriate 
technologies,  in  an  effort  to  fulfill  the  original  goals  of  the  prototype 
program . 

This  program  was  begun  in  February  of  1982  with  the  issuance  of  a  Call  for 
Expressions  of  Interest  which  was  published  in  the  Federal  Register.   The 
results  of  this  call  and  the  identification  of  tracts  to  be  assessed  is 
described  in  Chapter  II. 


Purpose  of  the  Document 

Major  Federal  Action 

Once  the  decision  was  made  to  pursue  additional  prototype  leasing,  it  was 
clear  that  the  impacts  of  offering  up  to  two  additional  tracts  in  Colorado 
were  not  sufficiently  covered  by  the  analysis  in  the  1973  Prototype  EIS.   It 
was  determined  that  additional  prototype  leasing  would  be  a  major  Federal 
action  requiring  the  preparation  of  an  Environmental  Impact  Statement  under 
the  requirements  of  the  National  Environmental  Policy  Act  of  1970.   This  EIS 
will  address  the  environmental  and  socioeconomic  impacts  of  leasing  up  to  two 
additional  prototype  oil  shale  tracts. 

This  EIS  will  assist  the  Secretary  of  Interior  in  coming  to  a  decision  on 
whether  or  not  to  offer  additional  leases,  how  many,  and  which  one(s)  to 
lease . 

Relationship  to  Other  Documents 

This  EIS  is  being  prepared  within  the  context  of  other  land  use  and  resource 
management  decisions,  as  well  as  within  a  framework  of  concurrent  oil  shale 
decisions.   Several  associated  documents  are  described  below  that  relate  to 
this  EIS  and  are  referenced  in  the  text. 

1.    1973  Final  Environmental  Statement  for  the  Prototype  Oil  Shale  Leasing 
Program  --  The  1973  Prototype  EIS  was  prepared  to  examine  the   regional 
effects  of  establishing  the  Prototype  Oil  Shale  Leasing  Program,  and  to  look 
at  the  site  specific  impacts  of  leasing  six  particular  tracts.   This  EIS  is  a 
supplement  to  the  1973  EIS  since  it  is  examining  the  site  specific  impacts  of 
leasing  up  to  two  additional  prototype  tracts  under  the  original  program. 


This  EIS  will  reference  the  1973  document  where  appropriate,  however, 
significant  changes  in  environmental  laws  and  regulations  have  occurred  in  the 
intervening  years,  requiring  a  more  comprehensive  analysis.  In  addition,  more 
accurate  environmental  and  socioeconomic  data  has  recently  been  made  available 
that  was  not  used  in  the  1973  EIS.  Although  this  is  a  supplemental  EIS,  it  is 
structured  as  a  complete  and  comprehensive  analysis  that  is  intended  to  stand 
on  its  own  where  necessary  as  a  site-specific  EIS. 

2.  Environmental  Impact  Statement  on  the  Federal  Oil  Shale  Management 
Program  --  The  Bureau  of  Land  Management  is  in  the  process  of  developing  a 
long-term  oil  shale  leasing  program  for  proven  development  technologies  on 
Federal  lands.   The  associated  Environmental  Impact  Statement  for  that  program 
is  currently  being  prepared,  and  is  referred  to  here  as  the  Programmatic  EIS. 
The  Programmatic  EIS  will  look  at  the  regional  impacts  of  implementing  the 
leasing  program  on  a  three  state  area  (Colorado,  Utah  and  Wyoming).   For 
Colorado,  it  is  using  much  of  the  same  baseline  information  and  assumptions  as 
this  EIS  is  using.   To  avoid  duplication  between  the  two  documents,  some 
referencing  of  the  regional  analysis  is  made  in  this  EIS.   While  the  scope  of 
the  two  EISs  is  significantly  different,  every  attempt  has  been  made  to  be 

consistent  where  analysis  overlaps. 
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3.  White  River  Resource  Area  Management  Framework  Plan  —  The  Management 
Framework  Plan  (MFP)  is  the  land  use  and  resource  management  decision  document 
that  identifies  the  framework  within  which  resources  will  be  managed  in  the 
White  River  Resource  Area.   The  central  Piceance  Basin  has  been  identified  as 
having  priority  for  the  development  of  oil  shale,  with  several  specific  tracts 


(including  Tract  C-ll),  that  were  delineated  in  the  1973  Prototype  EIS  and 
proposed  for  future  oil  shale  development.   The  other  tract  being  analyzed  in 
this  EIS,  C-18,  is  part  of  an  existing  sodium  lease.   The  MFP  stresses  the 
need  for  the  concurrent  development  of  oil  shale  with  sodium  minerals  to 
maximize  the  economic  recovery  of  leasable  minerals  while  minimizing  the 
environmental  effects  of  extracting  them. 

Therefore,  leasing  of  either  or  both  of  these  tracts  is  in  conformance  with 
the  existing  MFP.   A  number  of  stipulations  and  mitigation  measures  are 
included  in  the  MFP  to  protect  other  resource  values.   These  measures  and 
other  portions  of  the  MFP  are  referenced  in  this  document. 

The  Leasing  Process 

The  Lease  Sale 

Once  the  Final  Environmental  Impact  Statement  is  released,  the  Secretary  of 
Interior  will  make  the  decision  on  whether  or  not  to  move  forward  with  the 
preferred  alternative.   The  Secretary's  decision  will  have  been  made  with  the 
advice  and  recommendations  of  the  Regional  Oil  Shale  Team.   The  Regional  Oil 
Shale  Team  is  comprised  of  representatives  of  the  governors  of  Colorado, 
Wyoming  and  Utah,  and  the  BLM  State  Directors  of  those  states.   The  decision, 
including  any  justifications  or  background  material  necessary  to  support  that 
decision,  will  be  issued  in  the  form  of  a  "Decision  Document".   The  decision 
document  will  specify  the  actual  lease  sale  date,  which  is  tentatively 
scheduled  for  April,  1983.   A  lease  sale  notice  will  be  published  in  the 
Federal  Register  at  least  30  days  prior  to  the  sale. 
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Should  a  decision  bo  made  to  lease  these  additional  prototype  tracts, 
operations  would  proceed  under  the  terras  of  a  lease  designed  to  achieve  the 
objectives  identified  in  "Introduction  and  Background"  (Chapter  I,  above).  To 
achieve  this  goal,  an  interlocking  set  of  bonus,  royalty,  bonding  and 
performance  provisions  have  been  developed  and  are  in  the  proposed  lease 
located  in  Appendix  A  of  this  document.   Some  of  the  key  elements  of  the  lease 
are  summarized  below. 

The  Lease 

The  primary  lease  term  is  for  20  years  and  as  long  thereafter  as  there  is 
production  in  commercial  quantities.   Readjustment  of  royalty  and  operating 
terms  may  be  made  at  the  end  of  each  20  year  period,  although  the  royalty  is 
adjusted  regularly  by  an  index  factor  to  reflect  regional  oil  and  gas  prices 
derived  from  the  Producers  Price  Index.   Annual  rental  of  50  cents  per  acre 
per  year  for  the  use  of  the  land  will  be  charged  as  required  by  the  Mineral 
Leasing  Act  of  1920,  as  amended,  and  is  creditable  against  royalties. 

Royalty  is  money  due  and  payable  to  the  lessor  for  the  removal  of  the  resource 
from  the  leased  lands  by  the  lessee.   Under  the  proposed  lease,  the  royalty 
rate  would  be  adjusted,  depending  on  the  actual  oil  content  of  the  mined 
material  and  the  market  value  of  locally  produced  liquid  hydrocarbons  with  the 
base  year  of  1974.   This  would  result  in  a  basic  royalty  rate  on  October  L982 
production,  for  example,  of  approximately  43  cents  per  ton  of  oil  shale  mined 
for  processing  that  contains  30  gallons  of  shale  oil  per  ton  of  material. 
Additional  royalty  would  be  collected  on  minerals  other  than  shale  oil 
produced  under  the  lease. 


To  encourage  development  and  avoid  long  delays  in  shale  oil  production  from 
the  leases,  payment  of  minimum  royalties  would  be  required  whether  or  not 
there , is  actual  production.   Beginning  in  the  sixth  lease  year,  the  minimum 
royalty  payments  will  be  based  on  production  rates  derived  from  the  estimated 
recoverable  oil  shale  reserves  contained  in  each  tract.   The  required  minimum 
royalty  'payment  will  increase  each  year  through  the  15th  lease  year  and  then 
remain  the  same  through  the  20th  year  at  which  time  the  lease  terras  may  be 
readjusted . 

Early  production  incentives  are  also  provided  which  will  permit,  under  certain 
circumstances,  the  credit  of  a  portion  of  development  costs  incurred  during 
the  early  years  of  a  lease  against  bonus  and  royalty  payments  due  the 
government. 

This  is  only  a  summary  of  a  portion  of  the  lease  itself.   The  proposed  lease 
and  the  socioeconomic  and  environmental  stipulations  required  of  the  lessee 
are  contained  in  Appendix  A.   Provisions  of  the  lease  will  be  referred  to 
throughout  this  document,  so  the  reader  should  be  familar  with  both  the  lease 
and  the  associated  environmental  stipulations. 

Required  Authorizations 

Prior  to  any  actual  development  of  the  tracts,  a  detailed  development  plan 
must  be  submitted  and  approved  by  the  Minerals  Management  Service.   At  that 
time,  the  Department  will  have  the  opportunity  to  impose  any  additional 
controls  and  mitigation  measures  which  appear  necessary.   Approval  of  the 
Detailed  Development  Plan  is  contingent  upon  the  lessee  adequately  meeting  all 
environmental  requirements  and  compliance  with  the  National  Environmental 
Policy  Act. 
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After  lease  issuance  and  before  the  submission  of  a  development  plan  to  the 
Minerals  Management  Service  which  will  provide  for  operations  other  than 
exploratory  operations  on  the  leased  tract,  the  lessee  will  be  required  by 
lease  stipulations  to  obtain  at  least  one  full  year  of  initial  baseline 
environmental  data  against  which  the  actual  environmental  impact  of  the 
proposed  development  will  be  measured. 

The  collection  of  baseline  data  and  specific  parameters  to  be  measured  as  part 
of  a  monitoring  program  will  be  integral  parts  of  the  detailed  development 
plan  to  be  prepared  before  the  third  anniversary  of  the  lease.   These  plans 
must  provide  for  compliance  with  all  of  the  established  environmental  criteria 
and  receive  Departmental  approval  prior  to  the  start  of  operations.   They  must 
include  detailed  projected  analyses  of  the  amount  and  types  of  expected  waste 
materials,  the  location  and  extent  of  the  disposal  areas,  the  types  and  amount 
of  vegetation  that  will  be  used  in  land  restoration,  and  adequate  assurance  to 
the  Department  that  the  lessee  has  designed  the  disposal  restoration  systems 
to  protect  the  long  run  productivity  of  the  affected  areas.   These  plans  will 
be  subject  to  public  hearings  conducted  by  the  Department  on  the  environmental 
aspects  of  the  proposed  operations.   Only  after  such  hearings  and  consultation 
with  State  and  local  officials  may  the  plans  be  approved,  and  then  only  after 
the  Minerals  Management  Service  with  Bureau  of  Land  Management  concurrence  is 
satisfied  that  all  lease  terms,  stipulations  and  provisions  will  be  satisfied. 

A  bond  would  be  required  as  security  to  ensure  that  the  approved  development 
restoration  plan  would  be  conducted  in  a  manner  designed  to  minimize 
degradation  of  the  environment  and  that  all  other  related  lease  terms  would  be 
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met.   The  bond  would  be  for  not  less  than  $4,000  per  acre  of  land  to  be 
involved  in  actual  mining  operations  or  spent  shale  disposal  and  not  less  than 
$1,000  per  acre  for  all  other  portions  of  the  leased  land  that  would  be 
affected  during  the  first  three  year  period  of  operation.   The  total  bond 
shall,  in  no  event,  be  less  than  $40,000.   Bonds  for  subsequent  periods  would 

be  in  sufficient  amounts  to  provide  for  reclamation  and  restoration  of 

* 

disturbed  lands. 

In  addition  to  the  detailed  development  plan,  the  lessee  is  responsible  to 
obtain  all  applicable  Federal,  State  and  local  permits  and  authorizations 
associated  with  the  mine  and  ancillary  facility  development.   The  State  of 
Colorado  indicates  that  this  may  involve  obtaining  more  than  100  permits  to 
build  and  operate  an  oil  shale  plant  (Colorado  Energy  Research  Institute 
1981).   An  effort  has  been  made  by  the  State  of  Colorado  to  streamline  this 
permitting  process  for  industry  by  establishing  a  Joint  Review  Process.   This 
is  a  voluntary  program  involving  the  cooperation  of  all  affected  agencies  in 
an  effort  to  reduce  the  cost  and  workload  requirements  of  the  developer  and 
government  agencies  in  applying  for  and  acquiring  permits  and  other 
authorizations.   In  any  case,  it  is  the  responsibility  of  the  lessee  to  obtain 
these  permits  either  independently  or  through  the  State's  Joint  Review 
Process. 

Issues  and  Concerns 

In  an  effort  to  determine  the  scope  of  analysis  of  this  document,  public 
meetings  were  held  on  March  24,  25  and  26,  1982,  in  Meeker,  Grand  Junction  and 
Denver,  Colorado,  respectively.   The  public  was  asked  to  identify  their 
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concerns  and  the  issues  that  should  he  addressed  in  the  EIS.   These  comments 
were  obtained  verbally  and  in  writing. 

Issues  that  were  identified  and  which  have  been  addressed  in  this  EIS,  are 
listed  first  below.   These  concerns  have  been  summarized  and  grouped  into 
categories  for  ease  of  reference.   Additional  issues  which  were  raised  and  are 
covered  by  laws  or  regulations  that  require  their  analysis  in  the  EIS,  are  not 
included  in  this  listing.   Also  listed  are  those  concerns  and  issues  that  are 
beyond  the  scope  of  this  document.   Many  questions  were  raised  about  a 
permanent  oil  shale  leasing  program  and  about  site  specific  development  plans 
that  will  be  handled  in  other  documents.   Those  issues  that  have  not  been 
addressed  in  this  document,  and  the  reasons  for  excluding  them  from  analysis, 
are  listed  secondly. 

Significant  Issues  Raised  During  Scoping  and  Addressed  in  this  EIS 

a.  The  need  to  expand  the  1973  Prototype  EIS  analysis  to  include  a  wide 
range  of7  current  environmental  knowledge. 

b.  The  analysis  should  describe  the  cumulative  impacts  of  additional 
prototype  leasing  on  top  of  existing  and  proposed  development  in  the  region. 

c.  A  comparison  sho     be  made  of  energy  requirements  of  different 
development  technologies  and  the  net  energy  values  produced. 

d.  The  conflict  between  oil  and  gas  recovery  and  oil  shale  development 
should  be  examined. 
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e.  Air  quality  impacts,  particularly  as  they  affect  Class  I  areas  and 
wilderness  areas  is  a  widespread  concern.   The  uncertainties  of  existing  air 
quality  models,  control  technologies,  siting  patterns,  acid  rain,  and 
anticipated  population  increases  are  specific  concerns  related  to  air  quality 
impacts. 

f.  Water  quality  and  water  consumption  problems  were  identified  as 
significant  issues.   Specific  concerns  included  salinity,  effects  of  leachates 
and  retort  waters,  toxicity,  water  availability  for  wildlife  and  agriculture, 
water  reuse  and  total  consumptive  use. 

g.  Legal  problems  associated  with  leasing  oil  shale  on  an  existing  sodium 
lease,  where  both  resources  are  intermingled,  was  identified  as  a  concern. 

h.    Several  socioeconomic  concerns  were  presented.   Included  among  these 
issues  are:   the  need  to  assess  cumulative  direct  and  indirect  impacts  of 
population  growth,  revenue  sources  and  timing,  "boom-bust"  effects,  housing, 
lifestyle  changes,  labor  requirements  and  sources,  and  the  need  for 
socioeconomic  mitigation  measures. 

i.    Impacts  on  game  and  non-game  species  of  wildlife  is  a  serious  concern, 
both  from  direct  and  indirect  effects  of  the  oil  shale  development. 

j.    Mined  land  reclamation,  stabilization  and  leaching  problems  with  spent 
shale  and  potential  soil  erosion  impacts  were  identified  as  concerns. 
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k.    The  impacts  to  the  existing  transportation  systems  and  the  potential  for 
building  and  financing  new  transportation  were  identified  as  issues.   This 
includes  both  product  transportation  needs  as  well  as  increased  demand  on 
highways  due  to  workers  and  increased  populations. 

Issues  Raised  During  Scoping  But  Not  Addressed  in  this  EIS 

a.  Several  concerns  were  raised  regarding  the  need  for  additional  prototype 
leasing  at  this  time.   Specific  concerns  were  that  baseline  monitoring  of 
existing  prototype  leases  should  be  completed  prior  to  additional  leasing; 
the  questionable  demand  for  shale  oil;  and  that  the  prototype  program  has 
served  its  purpose  and  that  the  Department  of  Interior  should  be  concentrating 
its  efforts  on  a  permanent,  long-term  oil  shale  leasing  program. 

As  previously  stated,  the  effort  to  lease  additional  prototype  tracts  is 
necessary  to  achieve  the  original  goals  of  the  prototype  program.   While  the 
Department  is  moving  forward  on  development  of  a  permanent  long-term  leasing 
program,  it  was  also  felt  that  extending  the  opportunity  to  private  industry 
to  test  new  technology  on  public  lands,  in  the  interim,  was  in  the  public 
interest  and  within  the  intent  of  the  prototype  program. 

b.  Some  changes  to  the  original  prototype  lease  were  recommended,  such  as 
adding  or  deleting  certain  environmental  stipulations,  and  changing  the  method 
for  determining  royalties  and  their  payment. 

Based  on  BLM's  experience  to  date,  it  is  felt  that  the  leasing  process  itself, 
as  identified  In  the  existing  prototype  program,  should  not  be  changed.   Some 
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portions  of  the  lease  have  been  clarified,  and  some   of  the  environmental 
stipulations  in  the  lease  have  been  fine  tuned  to  correct  problems  with  the 
original  stipulations,  but  no  major  changes  have  been  made  to  the  lease.   The 
lease  and  the  stipulations  as  proposed  for  this  round  of  leasing  are  included 
in  Appendix  A. 

c.  Several  commentors  felt  that  the  technologies  to  be  used  for  the 
prototype  leasing  should  be  restricted  or  specified  in  this  document. 

The  prototype  program  is  intended  to  stimulate  the  development  of  new 
technologies.   This  could  include  any  type  of  concurrent  development  of  oil 
shale  with  associated  minerals,  a  true  in-situ  retort  method,  or  other 
appropriate  development  techniques.   In  order  to  evaluate  potential  impacts,  a 
range  of  realistic  development  scenarios  have  been  examined  that  meet  the 
criteria  of  the  prototype  program.   However,  it  would  be  inappropriate  to 
restrict  potential  development  proposals  prior  to  lease  sale. 

d.  It  was  felt  that  the  fair  market  value  of  the  resources  to  be  recovered 
under  each  development  scenario  should  be  identified  in  this  EIS. 

The  market  value  will  have  to  be  assessed  prior  to  lease  sale  to  evaluate  bids 
and  determine  minimum  acceptable  bids.   However,  it  is  felt  that  such  a 
determination  is  beyond  the  scope  of  this  EIS. 

e.  Alternatives  to  oil  shale  as  an  energy  source  should  be  examined. 


Conservation  and  other  energy 'alternatives  have  not  been  analyzed  in  this  EIS. 
One  of  the  objectives  of  the  Prototype  Oil  Shale  Program  is  to  stimulate   the 
development  of  commercial  oil  shale  technology  by  private  industry.   Examining 
other  fuel  source  alternatives  would  be  inconsistent  with  this  objective. 

f.  Several  issues  were  brought  out  regarding  the  tertiary  effects  of  oil 
shale  development  such  as  impacts  from  additional  power  plants,  upgrading  and 
refining  facilities  and  secondary  industrial  development  that  may  be  required 
for  an  expanded  oil  shale  industry. 

These  kinds  of  effects  have  been  identified  where  possible,  but  their  impacts 
have  not  been  analyzed.   While  tertiary  development  is  anticipated,  too  little 
is  known  about  the  magnitude,  location  or  nature  of  the.  development  to  prepare 
any  meaningful  analysis. 

g.  Concerns  were  expressed  about  worker  health  and  safety  on  the  job. 

The  Environmental  Stipulations  of  the  prototype  Lease,  Section  5  give 
responsibility  for  the  health  and  safety  of  workers,  and  compliance  with 
Federal  health  and  safety  laws  and  regulations  to  the  lessee.   Industry's 
plans  to  comply  with  these  laws  will  be  contained  in  the  Detailed  Development 
Plan. 

h.    The  need  for  a  Spill  Prevention  Control  and  Countermeasure  Plan  for 
hazardous  wastes  and  oil  spills  was  identified  as  a  concern. 
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Again,  the.  Environmental  Stipulations  of  the  lease,  Section  7  require 
submission  of  a  spill  contingency  plan  with  the  Detailed  Development  Plan. 
Specific  provisions  in  these  stipulations  also  provide  for  responsibility  for 
handling,  use  and  storage  of  hazardous  substances. 

Baseline  Assumptions 

In  order  to  assess  the  cumulative  impacts  of  leasing  additional  prototype 
tracts,  a  baseline  had  to  be  established  upon  which  to  add  the  incremental 
impacts  of  this  leasing.   The  Mo  Action  Alternative  (see  Chapter  II), 
identifies  all  existing  projects  and  proposed  projects  that  are  assumed  for 
purposes  of  this  baseline.   Only  those  projects  that  were  deemed  most  likely 
to  be  constructed  within  a  reasonable  time  frame  as  of  April  1982  were 
included.   Thus,  botli  the  Colony  Oil  Shale  project  and  the  LaSal  pipeline  were 
assumed  for  the  baseline.   Both  of  these  projects  were  put  on  hold 
indefinitely  subsequent  to  construction  of  this  baseline.   While  this  may  seem 
to  skew  the  baseline  to  reflect  more  development  than  will  actually  occur 
without   additional  prototype  oil  shale  leasing,  it  is  not  unreasonable  to 
expect  these  projects  or  similar  ones  to  come  on-line  in  the  future. 
Therefore,  both  Colony  and  LaSal  have  been  left  in  the  No  Action  Alternative. 

The  proposed  lease  and  environmental  stipulations  included  in  Appendix  A  of 
this  document  are  also  assumed  for  analysis  purposes.   The  mitigation  measures 
proposed  in  the  stipulations  are  "committed  mitigation."   In  other  words,  they 
are  measures  within  the  authority  of_  the  Department  of  Interior  to  enforce  or 
require.   Failure  to  comply  with  these  stipulations  shall  be  grounds  for 
termination  of  the  lease  as  described  in  Section  10  of  the  lease. 
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Additional,  specific  committed  mitigation  measures  that  are  not  included  in 
the  environmental  stipulations  of  the  lease  are  as  follows: 

1.  Human  disturbances  will  be  restricted  within  areas  designated  as  critical 
deer  winter  range  between  December  1st  and  March  31st  when  definite  conflict 
areas  are  identified  as  determined  by  the  mining  supervisor.   Where  necessary, 
these  conflict  areas  will  be  posted  and  closed  to  protect  wintering  deer 
herds . 

2.  Any  land  use  activity  within  deer  or  elk  migration  routes  that  would 
result  in  an  adverse  impact  and  inhibit  or  defer  animal  movement,  will  be 
prohibited  as  determined  by  the  mining  supervisor. 

3.  Prohibit  any  land  use  activity  within  an  average  of  0.25  mile  of  any 
active  raptor  nest  that  would  permanently  alter  the  habitat  and  adversely 

pact  nest  productive ty .   Actual  areas  of  restriction  are  variable  in  size 
depending  on  topography,  raptor  spc  Les,  and  on  site  Inspection.   Active 

ptor  nests  located  during  future  field         oi  bass  Line  data  col  lei  ;  Ion 
efforts  will  have  a  restriction  zone  identified  and  managed  according  to  this 
stipulation,  zones  presently  designated  are  as  follows: 

Tract  C-ll 


T2S,  R9  7W,  6th  PM 

Sec.  6:  N1/2NE1/4,  SW1/4NE1/4,  S1/2NE1/4NW1/4,  SE1/4NW1/4,  NW1/4NW1/4SE1/4. 
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Exception  to  this  stipulation  would  be  in  accordance  wi th  the  Eagle  Protection 
Act,  the  Migratory  Bird  Treaty  Act  of  1918,  and  current  amendments. 

4.  Prohibit  any  human  disturbance  within  an  average  of  0.25  mile  of  any 
active  raptor  nest  between  March  1  and  July  31.   Actual  buffer  zone  areas  are 
variable  in  size  depending  on  topography,  raptor  species,  and  on-site 
inspection.  Season  of  restriction  is  variable  dependent  upon  species  of  raptor 
present.   Active  raptor  nests  located  during  future  field  surveys  or  baseline 
data  collection  efforts  will  have  a  restriction  zone  identified  and  managed 
according  to  the  stipulation.   Zones  presently  designated  are  as  follows: 

Tract  C-ll 

T2S,  R97W,  6th  PM 

Sec.  6:  N1/2NE1/4,  SW1/4NE1/4,  S1/2NE1/4NW1/4,  SE1/4NW1/4,  NW1/4NW1/4SE1/4. 

Exception  to  this  stipulation  would  be  in  accordance  with  the  Eagle  Protection 
Act,  the  Migratory  Bird  Treaty  Act  of  1918,  and  current  amendments. 

5.  Additional  Endangered  Species  Act  Section  7  consultation  with  the  USFWS 
will  be  required  prior  to  approval  of  the  Detailed  Development  Plan  when 
necessary  information  on  water  requirements  is  available  to  accurately  assess 
potential  impacts  to  the  Colorado  squawfish. 

6.  All  trees  to  be  cleared  for  development  will  be  purchased  by  the  lessee 
prior  to  construction,  from  the  Bureau  of  Land  Management,  White  River 
Resource  Area,  and  disposed  of  by  the  lessee  as  follows: 
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All  stems,  stumps,  and  branches  greater  than  four  (4)  inches  in  diameter 
shall  be:   (a)  removed  from  Federal  land  for  resale  or  for  private  use;  or 
(b)  cut  into  lengths  not  exceeding  four  (4)  feet  and  scattered  as  directed  by 
the  mining  supervisor. 

All  stems  and  branches  less  than  four  (4)  inches  in  diameter  shall  be 
disposed  of  as  directed  by  the  mining  supervisor. 

The  existing  White  River  Resource  Area  Management  Framework  Plan  (MFP)  directs 
the  Bureau's  activities  in  the  study  area.   It  is  assumed  that  the 
stipulations  and  guidelines  for  development  and  multiple  resource  management 
contained  in  the  MFP  will  be  applied  and  are  also  committed  mitigation 
measures.   The  BLM  Manual  requirements  for  particular  resource  elements  are 
also  assumed,  and  are  identified  as  appropriate  in  the  text.   Other  specific 
assumptions  are  identified  where  particular  resource  data  is  unknown  or  is 
widely  varied,  to  facilitate  analysis.   These  assumptions  are  identified  under 
the  applicable  resource  elements,  and  are  consistent  for  each  resource  element 
throughout  the  analysis  process. 
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CHAPTER  II 

DESCRIPTION  OF  THE  ALTERNATIVES 

Introduction 

On  February  18,  1982,  industry  and  the  general  public  were  asked  to  indicate 

any  interest  they  had  in  additional  prototype  leasing  in  the  Piceance  Basin. 

The  call  for  expressions  of  interest  asked  for  specifics  on  the  kind  of 

development  technology  proposed  and  the  tract  that  the  respondent  was 

interested  in.   The  areas  offered  included  potential  lease  tracts  delineated 

both  in  the  White  River  Resource  Area  Management  Framework  Plan  and  the  1973 

Prototype  EIS.   In  addition,  the  existing  sodium  lease  tracts  in  the  basin 

were  also  offered. 

A  total  of  10  responses  were  received.   Six  of  these  were  either  negative 
statements,  comments  on  the  prototype  program  in  general,  or  expressions  of 
concern  about  leasing  certain  tracts.   Four  responses  were  positive 
expressions  of  interest  on  specific  tracts,  all  proposed  the  development  of 
oil  shale  concurrently  with  associated  minerals  in  the  Saline  Zona.   Shell  Oil 
Company  proposed  an  in-situ  process  to  be  used  on  Tract  C-ll  (as  identified  in 
the  1973  Prototype  EIS  and  referred  to  as  Tract  I  in  the  call  for  expressions 
of  interest).   Nielson  Resources  Corporation  proposed  in-situ  development  on 

the  Rock  School  Corporation  Sodium  Lease,  an  area  of  soma  1,320  acres. 

> 
Industrial  Resources,   .eorporated  expressed  interest  in  the  eastern  part  of 

the  Wolf  Ridge  Corporation  sodium  lease  tract  to  use  a  direct  mining  and 

surface  retorting  process.   Multi  Minerals  Corporation  also  expressed  interest 

in  the  eastern  portion  of  the  Wolf  Ridge  sodium  lease  tract  for  an  integrated 

in-situ  development  process. 


Based  on  these  responses,  it  was  determined  to  identify  a  maximum  of  two 
tracts  that  are  logical  mining  units  not  to  exceed  5,120  acres  each  in  size 
for  consideration  in  this  document.   These  two  tracts  were  delineated  with  the 
assistance  of  the  Minerals  Management  Service,  Oil  Shale  Office  based  on 
minability  and  the  potential  for  future  development.   Further  details 
describing  the  tracts  are  included  in  each  alternative  be.low.   Tract  C-ll  was 
included  in  the  1973  Prototype  EIS  and  that  designation  will  be  carried  on  in 
this  document.   The  expressions  of  interest  on  the  sodium  lease  tracts  were 
consolidated  into  a  single  logical  mining  unit  of  5,120  acres  with  good  access 
and  development  potential.   This  tract  is  new  and  will  be  referred  to  here  as 
C~18.   These  tracts  are  shown  on  Figure  II-l. 

For  each  of  these  two  tracts,  Minerals  Management  Service  also  described 
potential,  reasonable  development  technologies  that  could  be  used.   Since 
impacts  differ  depending  on  how  the  tract  is  developed,  a  range  of  reasonable 
development  scenarios  were  identified  that  can  apply  to  either  tract.   These 
development  scenarios  are  referred  to  in  the  impact  summaries  of  each 
alternative,  and  are  described  in  detail  immediately  following  the 
alternatives . 

The  alternatives,  are  structured  as  follows:   leasing  either  Tract  C-ll  or 
Tract  C-18,  or  leasing  both,  or  not  leasing  any  new  prototype  tracts  at  all. 
These  leasing  alternatives  will  be  analyzed  for  a  range  of  reasonable 
development  scenarios  as  subalternatives .   It  is  assumed  for  analysis  purposes 
that  the  prototype  lease  sale  will  take  place  in  April  1983  for  each  of  the 
development  alternatives.   The  four  alternatives  and  the  possible  development 
scenarios  are  described  below.   The  No  Action  Alternative  is  discussed  first 


to  provide  a  baseline  for  activity  and  resource  uses  that  will  occur  in  the 
area  without  additional  prototype  leasing.   Committed  mitigation  measures  that 
are  applicable  to  all  alternatives  have  been  discussed  in  Chapter  I,  Baseline 
Assumptions. 

No  Action  Alternative 

General  Description 

The  No  Action  Alternative  would  not  offer  any  additional  prototype  tracts  for 
leasing  to  augment  those  which  are  currently  in  existence.   No  new  annual 
production  would  occur  and  there  would  be  no  further  disturbance  as  a  result 
of  additional  prototype  tracts. 

Impacts  in  the  area  would  occur  without  additional  leasing  as  a  result  of 
existing  projects  which  would  continue.   Current  mineral  activity  in  the 
region  is  summarized  below.   Other  resource  activities  and  land  uses  in  the 
area  are  described  in  Chapter  III  under  the  appropriate  heading. 

Existing  Mineral  Activity 

One  of  the  most  significant  resource  activities  in  the  Piceance  Basin  is 
mineral  development.   The  following  discussion  summarizes  the  major  activities 
currently  under  development  and  projected  for  the  near  future.. 

Oil  Shale 

Oil  shale  resources  in  the  Piceance  Basin  are  being  developed  under  two 
existing  Federal  prototype  leases.   In  addition  to  these  leases. there  is 
planning  and  development  of  private  oil  shale  holdings  In  and  adjacent  to  the 
Piceance  Basin. 


C-a  Tract  -  Gulf  Oil  Corporation  and  Standard  Oil  Company  (Indiana)  were  the 
successful  bidders  for  Colorado  Tract  C-a  in  1974  and  organized  the  Rio  Blanco 
Oil  Shale  Company  to  effectively  develop  this  tract.   During  the  period 
1977-1981  Rio  Blanco  Oil  Shale  Company  successfully  completed  a  modified 
in-situ  demonstration  project  which  provided  information  needed  to  evaluate 
conn  rcial  modified  in-siiu  development  of  Tract  C-a.   The  study  indicated 
open  pit  development  with  surface  retorting  and  offsite  disposal  of  overburden 
and  processed  shale  would  be  the  most  efficient  method  with  respect  to  oil 
shale  recovery.   However,  the  uncertainties  of  economics  and  congressional 
approval  of  legislation  allowing  the  Secretary  of  Interior  to  lease  additional 
laud  for  overburden  and  waste  disposal  off-tract  prevents  Rio  Blanco  Oil  Shale 
Company  from  commencing  with  commercial  scale  open  pit  development  at  the 
present  time.   Finalized  development  plans  incorporating  the  above  mentioned 
preferred  technology  are  unavailable.   Therefore  the  following  assumptions 
have  been  compiled  as  guidelines  for  impact  assessment  purposes. 

Development  scenarios  have  been  formulated  by  the  Programmatic  Oil  Shale 
Environmental  Impact  Statement  team  based  on  a  production  rate  ranging  from  a 
low  of  50,000  barrels  per  day  (bbls/day)  to  a  high  of  100,000  bbls/day  by  the 
year  2000.   For  both  scenarios  construction  activities  would  begin  in  1983 
with  steady-state  production  levels  achieved  by  1998.   The  production 
expectancy  for  Tract  C-a  is  30  years. 

For  the  50,000  bbls/day  development  scenario,  1,700  workers  would  be  employed 
at  steady-state  production.   Approximately  8,000  acre  feet  of  water  per 
year(acre  ft/yr)  from  the  White  River  drainage  would  be  required  for  project 
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implementation.   Total  surface  disturbance  would  encompass  3,550  acres:   420 
acres  at  the  surface  facility  site,  and  3,130  acres  involving  disturbances 
reclaimable  within  a  shorter  time  period  (e.g.,  product  pipeline  routes, 
utility  corridors,  overburden  stockpiles,  and  spent  shale  piles). 

For  the  100,000  bbls/day  development  scenario,  2,700  workers  would  be  employed 
at  steady-state  production.   Approximately  16,000  acre  ft/yr  of  water  from  the 
White  River  drainage  would  be  required.   Total  surface  disturbance  would 
encompass  7,100  acres:   840  acres  at  the  surface  facility  site,  and  6,260 
acres  involving  disturbances  reclaimable  within  a  shorter  time  period. 

A  survey  indicates  the  percentage  of  employees  residing  in  nearby  communities 
to  be  Rifle-83  percent,  Meeker-13  percent,  Rangely-3  percent,  and  elsewhere-1 
percent,  if  the  future  situation  imitates  current  conditions.   This  preference 
would  apply  to  both  scenario  levels.   Figure  S-l  shows  the  location  of  Tract 
C-a. 

C-b  Tract  -  Federal  Oil  Shale  Lease  Tract  C-b  was  awarded  April  1,  1974  and  is 
currently  managed  by  the  equal-interest  partnership  between  Occidental  Oil 
Shale  Corporation  and  Tenneco  Shale  Oil  Company,  doing  business  as  Cathedral 
Bluffs  Shale  Oil  Company.   Cathedral  Bluffs  Shale  Oil  Company  submitted  a 
detailed  development  plan  for  surface  retorting  in  1976  followed  by  a  modified 
plan  in  1977  to  incorporate  modified  in-situ  retorting.   Currently,  Cathedral 
Bluffs  Shale  Oil  Company  is  re-evaluating  present  development  .plans  before 
proceeding  into  a  commercial  development  phase.   Development  plans 
incorporating  preferred  commercial  technology  are  not  available  at  the  present 
time.   Therefore,  the  following  assumptions  have  been  formulated  for  impact 
assessment  purposes. 


The  Programmatic  Oil  Shale  Environmental  Impact  Statement  team  assumes  a  year 
2003  production  rate  ranging  from  a  low  of  21,000  bbls/day  to  a  high  of  76,000 
bbls/day.   For  both  scenarios,  construction  activities  would  peak  at  1985  with 
steady-state  production  levels  achieved  by  1995.   The  production  expectancy 
for  Tract  Ob  is  30  years.   Cathedral  Bluffs  Shale  Oil  Company  socioeconomic 
assessment  surveys  estimate  future  distribution  of  the  permanent  work  fores  to 
be  60  percent  In  Rifle,  25  percent  in  Meeker,  and  10  percent  in  Silt,  and  5 
percent  in  other  locations. 

For  the  21,000  :''':./.'■   d   ilopi        nario,  670  workers  would  be  employed  at: 
steady-state  production.   Approximately  8,000  acre  ft/yr  of  water  from  the 
White  River  drainage  will  be  required  for  project  implementation.   Total 
surface  disturbance  would  encompass  1,700  acres:   200  acres  at  the  surface 
facility  site,  and  1,500  acres  involving  disturbances  reclaimable  within  a 
shorter  time  period. 

For  the  72,000  bbls/day  development  scenario  2,100  workers  would  be  employed 
at  steady-state  production.   Approximately  12,000  acre  ft/yr  of  water  from  the 
White  River  drainage  would  be  required  for  project  implementation.   Total 
surface  disturbance  would  encompass  5,325  acres:  630  acres  at  the  surface 
facility  site,  and  4,695  acres  involving  disturbances  reclaimable  within  a 
shorter  time  period.   Figure  S-l  shows  the  location  of  Tract  C-b . 

Private  Oil  Shale  Development  -  Private  ownership  of  oil  shale  involves  the 
Colony  (Exxon-Tosco )  Project  in  Parachute  Creek;  Union  Shale  Oil  Project  also 
in  Parachute  Creek;  Chevron  Clear  Creek  Project  on  Clear  Creek  and  Skinner 
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Figure  !l-1     Tracts  C-11  and  C-18  Showing  Wolf  Ridge  Corporation's  Existing  Sodium  Lease;  (shaded) 
and  tiio  Bure  tu  oi  Mines  Horse  Draw  Facility  (arrow) 
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Aerial  view  looking  northeast  across  the  Piceance  Creek  Oil  and  Gas  Unit.  Disturbances  from 
development  of  the  unit  include  an  airstrip  (far  right),  numerous  access  rocds,  well  pods 
{;  xample  well  lower  left),  and  s  gas  processing  plant  (center).   June  10,  1982 


I 


r 


.-  .-. .. 


- 

I 

.  ■ 


■  ■ ;  j 

"»>*">3 

i 

■     .1 

I 

• 

1 

>-. 

i 

/  _- 

I 

-  — .'— -'  ^"-*— i  **^1r  M 


Aerial  view  looking  north-northeast  at  pipelines  leading  to  the  gas  processing  plant  k»  th« 
Piceance  Creek  Oil  and  Gas  Unit.  Note  the  producing  well  in  the  lower  third  of  the  photo. 
June  10,1982 
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Ridge;    Mobil    Oil    Co.    southwest    of    Anvil    Points;    and    Superior-Pacific   west    of 
Rifle,    Colorado.      Together    these    projects   are    anticipated    to   have    the 
following   magnitude    of    development: 

1)  Construction   of    the    sites    has    either    started    or   will   have    started    by 
1986. 

2)  Employment    will    be    2,580   in    1986;    4,280    to    6,530    in    1992;    4,980    to    9,730 
in   1993;    and   6,880   to    11,720   in    1998. 

3)  Peak    production   will    range    from   63,000   bbls/day    in    1986;    73,000   bbls/day 
to    163,000  bbls/day   in    1990;    123,000   to   213,000  bbls/day   in    1992;    173,000   to 
263,000   bbls/day   in   1998;    and    213,000   to   303,000  bbls/day   in   the   year   2000. 

4)  The    regional    socioeconomic    impact   monitoring    system    report    of    November 
1981    by    the    Colorado   West    Area    Council    of    Governments    estimates    the    employees 
(excluding    Union)    will    live    in    the    following    cCiTimunities  :       Grand    .       icl  Lon-10 
percent,    Clifton-1    percent,    DeBeque-30   percent,    Parachute-16    percent,    Rifle-14 
percent,    Battlement    Mesa-25   percent,    Glenwood    Springs-1    percent,    Silt-l 
percent,    New   Castle-1    percent,    Other   and   not    reported-1    percent. 

By   county,    this    would    be:       Garfield   -   58    percent,    Mesa   ■•   4  1.    percent,    and    Other 
-    1    percent . 

Union   Oil    Company   will    have    28   percent    of    their    employees   (700    to    3,200    total.) 
in   Rifle,    19    percent    in    Grand    Junction,    13    percent    in    Parachute  -  ^^nd    the 
remainder   on    the   mine   site   camp. 
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5)  Water  use  of  the  companies  will  total  11,500  acre  ft/yr  by  1986;  16,000 
to  24,000  acre  ft/yr  by  1992;  and  18,000  to  35,400  acre  ft/yr  by  1998  from  the. 
Colorado  River. 

6)  Total  disturbed  acres  will  range  from  11,200  to  20,500  acres  by  the 
termination  of  the  projects  sometime  in  the  year  2016  assuming  a  30  year  life 
of  the  mine.   Mine  plant  facilities  will  occupy  approximately  1,670  to  3,020 
acres  when  full  production  is  reached  in  1998. 

Sochi  u 

A  nahcolite  recovery  mine  plan  has  been  approved  for  the  development  of  a 
sodium  mine  that  includes  portions  of  Tract  C-18  (see  Figure  II-l).   The  mine 
will  be  developed  by  the  room  and  pillar  method. 

At  full  production,  approximately  177  acres  of  surface  will  be  disturbed;  15 
acres  for  the  plant  site,  108  acres  for  topsoil  storage  and  3.5  miles  of  paved 
access . 

At  full  production,  the  mine  will  employ  approximately  440  workers.   Ninety  of 
these  employees  would  be  based  in  Rifle  as  their  nahcolite  trucking  crew. 
These  crews  would  make  90  round-trips  per  day  in  26  ton  capacity  trucks  from 
the  mine  to  the  Rifle  railhead.   The  remaining  350  employees  will  be  commuting 
from  Rifle  (35  percent),  Meeker  (50  percent),  Rangely  (10  percent),  and  other 
(5  percent).   Water  for  the  mine  will  be  obtained  from  a  well  (producing 
72,000  gal/day)  in  the  upper  aquifer  being  pumped  at  50  gal/min,  24  hours  per 
day.   Approximately  36,000  gal/day  will  be  used  for  potable  purposes,  the 
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remaining  36,000  gal/day  will'  be  used  for  dust  .suppression  and  other 
activities  associated  with  raining.   Total  water  use  will  be  approximately  81 
acre  ft/yr.   Once  the  mine  is  in  full  production  (1985)  the  expected  life  of 
the  mine  is  30  years  (2015). 

In  addition,  the  Bureau  is  currently  evaluating  three  Sodium  Preference  Right 
Lease  Applications  (PRLAs).   Two  of  the  PRLAs  are  located  immediately  north 
and  east  of  Tracts  C-18  and  C-ll.   It  is  anticipated  that  these  will  be 
operated  as  a  single  mine.   The  other  PRLA  is  located  to  the  southwest  of  the 
tracts,  and  is  expected  to  develop  as  a    second  mine. 

Mine  development  is  expected  to  be  the  same  for  both  PRLA  mines.   The 
following  assumptions  have  been  made  for  purposes  of  this  analysis. 
Development  of  the  two  PRLA  mines  would  occur  simultaneously  with  full 
production  of  227,592  tons  of  sodium  minerals  annually  for  each  mine  by  1988. 
Finished  product  would  be  trucked  to  rail  facilities  at  Rifle,  Colorado 
utilizing  26  ton  capacity  trucks  requiring  approxi  lately  33  1/2  tx<>    i  oads  per 
working  day  for  each  mine.   Each  mine  would  have  72  employees  on  a  2 
shifts/day  and  5  day/week  schedule.   Employees  are  expected  to  live  in  the 
same  communities  as  the  approved  sodium  mine  employees. 

Oil  shale  may  not  be  processed  under  a  sodium  lease.   Shale  recovered  during 
the  mining  process  is  considered  a  by-product  and  will  be  stored  on  the 
surface  at  least  for  the  first  five  years  of  operation.   Processing  would 
produce  approximately  228  tons  of  waste  per  day,  or  59,280  tons  annually. 
Mine  life  would  be  in  excess  of  50  years  at  stated  production  levels. 
Exploration  work  is  expected  to  begin  in  1984  with  development  of  the  mines  to 
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start  in  1985.   Approximately  14.5  acres  of  surface  disturbance  would  occur  at 
each  mine  for  the  mine  plant  sites  and  shale  storage  for  a  total  of  29  acres 
surface  disturbance,  excluding  roads. 

Water  requirements  would  be  about  13.6  percent  of  that  required  by  the  issued 
sodium  lease  mine  plan  or  11  acre  ft/yr  per  mine. 

Bureau  of  Mines  Facility 

The  Bureau  of  Mines  has  a  research  shaft  located  in  Horse  Draw  on  the  eastern 
portion  of  proposed  Tract  C-ll  (SWl/4,  Sec.  29,  T1S,  R.97W)  as  shown  in  Figure 
II-]  <   The  Bureau  of  Mines  has  been  actively  studying  raining  environmental 
problems,  mitigation  and  processing  tests  for  concurrent  development  of  oil 
shale,  nahcolite  and  dawsonite  in  the  lower  saline  oil  shale  facies  of  the 
Parachute  Creek  Member  of  the  Green  River  Formation. 

The  test  shaft  site  has  recently  been  operated  by  Multi  Minerals  Corporation 
under  a  cooperative  agreement  with  BLM  and  the  Bureau  of  Mines.   Activity  at 
the  facility  is  presently  halted,  with  only  custodial  management  taking  place. 
Future  activity  at  the  facility  is  uncertain  at  the  present  time. 

Oil  and  Gas 

The  oil  and  gas  drilling  efforts  throughout  the  Piceance  Basin  are  assumed  to 
continue  at  approximately  the  current  rate  in  the  Sagebrush  Hills  II,  Rio 
Blanco,  Piceance  Creek  and  Yellow  Creek  Oil  and  Gas  Units.   Since  all  the 
units  are  "producing  units",  at  least  two  wells  per  unit  must  be  drilled  per 
year  for  a  total  of  ten  wells  per  year  to  fulfill  unit  requirements. 
Companies  like  Sun  Gas  and  Rio  Blanco  Natural  Gas  are  more  active  and  can  be 
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expected  to  drill  as  many  as  five  to  nine  wells  per  year  for  their  units. 
This  means  a  maximum  of  18  wells  could  be  drilled  per  year.   Assuming  each 
drill  rig  requires  approximately  10  to  12  people  to  operate  plus  eight  support 
people  (water  haulers,  dirt  contractor,  roustabouts,  company  representatives, 
etc.)  and  can  drill  a  well  on  an  average  of  every  three  months.   This  means  as 
many  as  80  people  and  four  rigs  will  be  operating  in  a  year  to  drill  18  wells. 

Water  required  for  each  well  drilled  is  highly  variable  depending  upon  size  of 
the  hole,  type  of  mud  program  and  water  encountered  down hole.   On  a  rough 
average  approximately  75.6  gallons  (1.8  barrels)  of  water  are  used  per  foot  of 
hole  drilled.   The  average  depth  of  hole  drilled  is  between  8,000  and  12,000 
feet.   Water  consumption  per  hole  then  is  between  1.86  to  2.78  acre  feet  of 
water.   For  18  wells,  this  would  amount  to  some  33. A  to  50.1  acre  feet 
annually. 

Well  pads 'will  vary  from  1.7  to  3.6  acres  in  size.   Access  roads  will  be  on 
the   average  25  feet  wide  and  1.3  miles  Long.   Therefore,  I  h  >.      >     , ■■■  ->  mrfa 
disturbance  per  well  will  be  between  5.7  and  8.0  acres  in  size  or.  for  the  18 
anticipated  wells  per  year,  102  to  155  acres. 

Coal 

Coal,  although  peripheral  to  Piceance  Basin,  is  being     !  ped  in  the 

Ninemile  Cap  area  northeast  of  Meeker,  and  the  Scullion  Gulch  area  east  of 

Rangely.   Northern  Coal  Company  is  active  in  the  Ninemile  Gap  area  with  coal 

production  planned  to  reach  3.4  million  tons  per  year  from  1987  to  1992.   Peak 
production  will  be  A. 2  million  tons  per  year  from  1993  to  2008.   Peak 

employment  will  be  672  by  1993.   Total  surface  disturbance  will  be  140  acres. 
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73  percent  of  the  employees  are  expected  to  live  in  Meeker,  with  the  balance 
living  in  Craig  and  Hay den. 

The  Moon  Lake  Power  Project  is  being  constructed  near  Bonanza,  Utah.   At  full 
production  the  coal  mine  near  Rangely  that  will  supply  the  project  will 
produce  2.4  million  tons  of  coal  per  year  that  will  be  transported  by  rail  to 
bonanza.   Peak  production  employment  in  Colorado  in  1987  will  be  410  employees 
living  primarily  in  Dinosaur  and  Rangely.   Water  use  will  be  367  acre  ft/yr 
derived  from  four  alluvial  wells  drilled  adjacent  to  the  White  River.  Total 
surface  disturbance  will  be  700  acres  by  1990  and  will  reach  a  maximum  of 
3  000  acres. 

Summary  of  Impacts 

The  following  impacts  would  occur  even  without  leasing  additional  prototype 
oil  shale  tracts.   This  is  only  a  summary  of  the  significant  anticipated 
impacts;  a  more  detailed  analysis  is  included  in  Chapter  IV,  Environmental 
Consequences . 

Air  Quality  —  Air  quality  north  of  Rifle,  east  of  Bonanza,  Utah,  within 
Dinosaur  National  Monument,  and  the  Flat  Tops  and  Mt .  Zirkel  Wilderness  Areas 
is  also  anticipated  to  deteriorate  by  the  year  2003  under  the  No  Action 
Alternative.   The  most  significant  impacts  identified  during  the  air  quality 
analysis  are  possible  exceedances  of  PSD  Class  II  increments  for  TSP  and  SO2 
north  of  Rifle,  and  Class  II  TSP  east  of  Bonanza,  Utah.   There  is  also  a 
moderate  to  low  potential  that  Class.  I  TSP  and  S02  increments  would  be 
exceeded  within  Flat  Tops  Wilderness,  and  that  Colorado  Category  I  S02 
increments  may  be  exceeded  in  Dinosaur  National  Monument.   Ground  level  SO2 


14 


•• 


Aerial  view  looking  south  at  drilling  and  pipeline  activity  southwest  of  C-a  tract.   June  10,  1982 


Aerial   view   looking   northwest   across   modified  in-situ  test  area  on  tract  C-a.  June   10,1982 


I. 


' 


•a 


<  "- »-  "■• 


'•"-"  \ 
« .- 


t- 


_ 


■ 

: 


View  looking  north  from  the  chainings  on  tract  C-11. 


-  ■  ■ 


I 


■---  ■   i  .....      .«, 


'     "". 


::; 


■■ 


r: 

r 


r   sf  ■--■:     • 


■ 
'    ■ « 


-" 


'■■• 

- ,    . 


»   .  • 


Aerial   view  looking  north  across  the  Bureau  of  Mines  oil   shale  test  facility  in  Horse  Draw. 
Mine  shaft  is  located  in  the  left  center  of  the  photo.   June  10,  1982 
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Aerial  view  looking  southeast  across  the  mine  development  area  on  tract  C-b.  The  Production 
and  Service  Shaft  head  frames  are  the  two  large  structures  in  the  right  center  of  the  photograph. 
June  10, 1982 
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Aerial  view  looking  south  across  the  mine  development  area  on  tract  C-b.    Ventilation/I'scape 
Shaft  head  frame  is  in  the  lower  left  corner  of  the  photo.  June  10,  1982 
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Aeria!   view  iooki  rthwesl    cr>:    s   Piceance    Creek   and    Korse    Draw  at  both  tract!    C-11 

and  C-18.  June  10.  1982 
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View  looking  northeast  down  Ryan  Gulch  and  the  southern  exposure  (left  side  of  the  photo) 
of  tract  C-11. 


concentrations  in  Mt .  Zirkel  VJilderness  are  predicted  to  be  higher  than  the 
Class  I  increment,  but  this  is  due  solely  to  a  non-increment  consuming  source, 
for  which  PSD  increment  considerations  do  riot  apply.   Table  IV-2  in  Chapter 
IV,  Air  Quality,  details  these  predicted  impacts. 

Geology  --  Nahcolite  will  be  mined  on  portions  of  Tract  C-18  and  could  result 
in  the  permanent  loss  of  13.5  million  tons  (8  million  barrels)  of  oil  shale 
(0.3  percent  of  the  estimated  recoverable  amount  of  oil  shale). 

Oil  and  gas  exploration  and  production  could  continue  unimpeded  and 
temporarily  prevent  extraction  of  72  percent  of  the  in-place  oil  shale  per 
acre . 

Alluvial  Valleys,  Floodplains,  and  Agricultural  Lands  —  Water  quantity  and 
quality  in  Yellow  Creek  may  be  affected,  remaining  dry  50  percent  of  the  time 
and  having  lowered  water  quality  with  increases  in  dissolved  solids  by  the 
continued  development  of  C-a  Tract.   Impacts  upon  the  floodplain  of  bellow 
Creek  are  not  expected. 

Off-tract  development  such  as  pipeline  routes  and  utility  corridors  may 
temporarily  impact  agricultural  lands.   Between  6,770  and  10,160  acres  of 
agricultural  laud  would  be  permanently  impacted  from  population  growth  and  the 
associated  conversion  of  agricultural  lands  to  urban  expansion.   This 
conversion  could  be  significant  if  it  occurs  on  prime  orchard  lands  in  Mesa 
County  . 
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Soils  —  Approximately  20,000  acres  of  surface  disturbance  would  occur  in  the 
region,  resulting  in  an  unknown  quantity  of  topsoil  displacement  and  loss  of 
soil  productivity.   Significance  of  these  impacts  would  directly  correlate  to 
the  success  of  reclamation.   Soil  impacts  would  be  significant  if  reclamation 
is  unsuccessful  or  inadequate. 

» 
Hydrology  —  Mine  dewatering  resulting  from  the  developi  nt  of  Tract  C-a  and 

C-b  and  the  sodium  mine  may  result  in  a  decrease  of  the  groundwater 

contribution  to  the  streamflows  of  Piceance  and  Yellow  Creeks.   The  flow  of 

Yellow  Creek  could  be  reduced  by  as  much  as  50  percent  and  the  creek  could 

remain  dry  over  'naif  the  time.   Groundwater  contributions  to  Piceance  Creek 

may  be  reduced  by  as  much  as  18  cfs,  causing  periods  of  no  flow.   The 

reductions  to  both  Piceance  and  Yellow  Creeks  are  a  worst  case  analysis,  and 

do  not  consider  reinjection  or  augmentation.   The  quality  of  both  Piceance  and 

Yellow  Creeks  could  be  impacted  as  a  result  of  leachates  from  in-situ  retorts 

and  spent  shale  disposal  piles.   As  mines  are  dewatered,  springs  and  wells 

within  the  vicinity  of  the  lease  tracts  may  be  impacted  resulting  in  shifts  in 

livestock  and  grazing  use.   Once  dewatering  ceases  water  levels  within  the 

lease  tract  area  would  be  expected  to  return  to  near  premining  conditions. 

The  water  quality  of  both  the  upper  and  lower  aquifers  is  expected  to  be 

impacted  as  a  result  of  dewatering  and  retort  abandonment.   The  mixing  of  the 

higher  quality  upper  aquifer  water  within  the  lower  quality  lower  aquifer 

water  would  occur.   Groundwater  pollution  could  result  from  the  flooding  of 

abandoned  retorts. 

Vegetation  —  Under  this  alternative,  loss  of  vegetation  on  20,000  acres  would 
occur  and  result  in  the  temporary  loss  of  1,500  AUMs  of  forage  for  use  by 
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livestock  and  wildlife  until  disturbed  areas  arc  adequately  reclaimed.   This 
disturbance  would  occur  mainly  in  the  pinyon- juniper ,  sagebrush,  and  mountain 
browse  vegetation  types.   Based  on  present „ da ta ,  no  significant  impacts  would 
occur  to  threatened,  endangered  or  rare  plants. 

Wildlife  --  This  alternative  would  result  in  the  short-term  loss  of  wildlife 
habitat  and  population  declines  on  approximately  36,000  acres.   The  most 
important  loss  would  be  a  mule  deer  population  decline  or  mule  deer  carrying 
capacity  loss  of  approximately  2,000  animals.   Uater  used  for  project 
development  would  impact  the  quality  and  quantity  of  aquatic  environments  and 
decrease  available  surface  water  for  wildlife  use.   Increases  in  local  human 
populations  would  provide  major  primary  and  secondary  impacts  to  the  wildlife 
resource . 

Paleontological  Resources  —  Impacts  upon  paleontological  resources  are  not 
expected  except  for  unknown  and  undiscovered  resources  affected  by  the  sodium 
mine  development  and  surface  disturbing  activities. 

Recreation  —  Increased  populations  (30  to  75  percent  for  Meeker)  in  the 
region  may  increase  hunting  pressure  throughout  the  Piceance  Basin  thus 
decreasing  hunting  quality.   On  the  proposed  tracts,  hunting  of  mule  deer,  and 
cottontail  would  be  displaced  on  and  near  the  sodium  mine.   No  other 
recreation  uses  would  be  affected. 

Social  and  Economics  —  Even  without  leasing,  the  communities  of  Rifle  and 
Meeker  would  be  experiencing  rapid  growth  from  the  projects  in  the  region  that 
would  already  be  causing  "boom"  conditions.   The  Town  of  Range Ly  would  be 
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receiving  moderate  growth  impacts.   Rifle  would  receive  the  most  social 
impacts  associated  with  boom  towns.   The  typical  influx  of  new  construction 
workers  creates  a  shortage  of  community  facilities  and  services  and  an 
alienation  with  existing  townspeople. 

Rio  Blanco  and  Garfield  Counties  would  receive  significant  economic  impacts 

energy  developments.   Adverse  effects  include  housing  shortages,  .lack  of 
"front-end"  community  services,  capital  development  monies,  new  competition 
for  existing  work  forces  and  loca]  inflation.   Benefits  include  increased 
employment  opportunities  and  higher  salaries.   Other  economic  changes  that  may 
be  considered  beneficial  by  some  and  negative  by  others  include  the 
commercial/residential  development  of  agricultural  lands  and  land 
speculation. 

Transportation  —  An  increase  in  haul  truck  traffic  from  the  sodium  mine  would 
create  some  road  damage  on  State  Highway  13/789  between  Rifle  and  Rio  Blanco, 
and  along  Piceance  Creek  Road  (County  Road  5).   The  additional  180  haul  trucks 
would  raise  use  to  56  percent  of  the  capacity  of  the  state  highway,  and  24 
percent  of  the  capacity  of  the  counly  road.   Resulting  annual  repair  costs  by 
1988  would  be  $222,000  to  the  State,  and  $218,000  to  Rio  Blanco  County. 

C-ll  Alternative 

Tract  Description 

This  alternative  examines  the  possibility  of  leasing  only  Tract  C-ll.   This 

tract  lies  about  eight  miles  east  of  Tract  C-a  and  one  mile  west  of  Piceance 

Creek.   Preliminary  results  of  a  recent  survey  indicate  the  tract  contains 

4,980.68  acres.   The  legal  description  is  as  follows: 
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T1S,  R9  71J,  6th  PM,  Rio  Blanco  County,  Colorado 
Sec.  29:  W1/2SW1/4 
Sec.  30:  All 
Sec.  31:  All 
Sec.  32:  W1/2W1/2 

T2S,  R97U,  6th  PM,  Rio  Blanco  County,  Colorado 
Sec.   5:  W1/2W1/2 
Sec.   6:  All 
Sec. •  7:  N1/2N1/2 
Sec.   8:  NW1/4NW1/4 

T1S,  R98W,  6th  PM,  Rio  Blanco  County,  Colorado 

Sec.  34:  E1/2NE1/4 

Sec.  35:  All 

Sec.  35:  All 

T2S,  R98W,  6th  PM,  Rio  Blanco  County,  Colorado 

Sec.  1:  Ml 

Sec.  2:  Ml 

Sec.  3:  Lots  5  and 

Sec.  12:  Lots  1  and  2 

While  irregularly  shaped,  this  is  a  minable  unit  readily  accessible  from 
Piceance  Creek.  Road  via  either  Horse  Draw  (Sec.  29)  or  Ryan  Gulch  Road.   This 
option  provides  excellent  opportunities  for  plant  and  mine  support  facility 
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siting,  and  for  surface  waste  disposal  into  the  head  of  Horse  Draw  or  gulches 
tributary  to  Ryan  Gulch.   The  irregularities  along  the  west  edge  might 
complicate  efficient  mine  layout  appreciative  of  the  NW/NE  joint  and  fracture 
pattern.   Leasing  is  currently  complicated  by  the  existing  BLM/Bureau  of  Mines 
operating  agreement  that  applies  in  whole  or  part  to  these  sections.   The 
existence  of  the  Bureau  of  Mines  shaft  in  Section  29   can  he  viewed  as  both  a 
benefit  or  disadvantage  to  any  future  lessee.   While  it  would  provide  any 
lessee  with  immediate  access  to  the  resource  interval,  the  small  shaft 
diameter  (8  feet)  limits  its  use  to  probably  little  more  than  Initial  resource 
sampling  and  possible  secondary  ventilation  and  emergency  escape  shaft  for  a 
commercial  mine.   A  description  of  the  mineral  resources  available  on  Tract 
C-ll  is  included  in  Chapter  111,  Geology. 

Summary  of  Impacts 

Leasing  of  Tract  C-ll  would  result  in  the  following  impacts.   A  more  specific 

discussion  is  contained  in  Chapter  IV,  Environmental  Consequences. 

Air  Quality  —  Additional  prototype  lease  impacts  are  predicted  to  be  within 
all  PSD  increments  and  would  not  contribute  to  the  predicted  exceedances  under 
any  development  alternative.   Because  the  emission  source  elevation  of  Tract 
C-ll  is  higher  than  the  source  on  Tract  C-18,  local  ground  level 
concentrations  were  predicted  to  be  less  on  C-ll. 

Geology  —  Under  existing  technologies,  a  certain  portion  of  the  resource  will 
be  rendered  unrecoverable.   Estimate'd  recovery  of  oil  shale  resources  under 
the  direct  mining  and  surface  retort  methodology  would  result  in  a  permanent 
loss  of  the  following  resources  as  unmined  or  unproduced  intervals,  mine 


i\ 


pillars,  plant  pillars,  and  process  inefficiencies.   Future  improvements  in 
mining  and  retorting  efficiencies  may  significantly  reduce  these  estimates  of 
resource  loss. 

-  72  percent  of  the  estimated  9.2  billion  barrels  of  oil  shale  in  place, 

-  84  percent  of  the  estimated  3.8  billion  tons  of  nahcolite  in  place,  and 
84  percent  of  the  estimated  0.92  billion  tons  of  dawsonite  in  place. 

Mine  assisted  in-situ  recovery  could  result  in  a  possible  permanent  loss  of: 

-  ,  84  percent  of  the  in  place  oil  shale, 

-  82.5  to  91.3  percent  of  the  in  place  nahcolite,  and 
85.9  to  88.2  percent  of  the  in  place  dawsonite. 

With  the  true  in-situ  methodology  a  possible  permanent  loss  of: 

-  96  percent  of  the  in  place  oil  shale, 

-  98  percent  of  the  in  place  nahcolite,  and 

-  98  percent  of  the  in  place  dawsonite 

Resource  recovery  could  be  achieved  using  the  following  mining  methods  or 
combinations  utiliz<    i  the  following  zones, 

Saline  Zone  —  Direct,  mine  assisted  in-situ  or  true  in-situ  mining  may  be 
utilized.   Recovery  should  probably  be  highest  by  direct  mining.   Mine 
backfilling  would  enable  greater  resource  recovery  by  allowing  use  of  smaller 
pillars.   Recovery  by  dissolution  and  surface  recrystallization  of  saline 
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minerals  by  true  in-situ  mining  may  be  possible.   Recovery  utilizing  true 
in-situ  dissolution  mining  is  presently  unknown. 

Mahogany  Zone  —  Direct  mining  with  surface  retorting  or  mine  assisted  in-situ 
processing  may  be  used  in  this  zone.   Direct  mining  with  backfilling  should 
provide  for  the  highest  resource  recovery. 

Leached  Zone  —  Some  method  of  true  in-situ  mining  would  be  best  suited  to 
this  zone  due  to  the  broken,  brecciated  rock  and  generally  poor  mining 
conditions.   True  in-situ  would  utilize  the  natural  permeability  of  this  zone. 

Alluvial  Valleys,  Floodplains ,  and  Agricultural  Lands  --  The  water  quantity 
and  quality  could  be  materially  damaged  or  impacted  (disturbing  some  or  all  of 
the  580  acres  of  the  alluvial  valley)  in  the  Ryan  Gulch,  Horse  Draw  and 
ultimately  the  Piceance  Creek  alluvial  valleys.   Other  impacts  would  be  the 
result  of  spent  shale  and  sodium  mineral  surface  disposal  into,  and/or  topsoil 
removal  for  top-dress  of  spent  shale  elsewhere  as  a  result  of  the  direct 
mining  and  surface  retort,  and  the  mine  assisted  in-situ  methodologies. 
Impacts  to  the  floodplains  of  Ryan  Gulch  and  Horse  Draw  are  dependent  upon  a 
detailed  mine  plan;  avoidance  is  recommended  to  reduce  impacts. 

The  agricultural  impacts  described  for  the  No  Action  Alternative  would  occur 
under  this  alternative,  also.   However,  an  additional  910  to  1,150  acres  of 
agricultural  land  would  be  permanently  converted  for  urban  expansion  in  nearby 
communities. 
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Soils  --  The  topsoil  displacement  and  loss  of  soil  productivity  impacts 
described  for  the  No  Action  Alternative  would  also  occur  under  this 
alternative.   These  impacts  wodld  occur  on  an  additional  1,200  to  3,200  acres 
of  surface  disturbance  depending  on  the  development  scenario  selected.   Soil 
impacts  would  be  similar  in  type  and  quantity  for  direct  mining  and  mine 
assisted  in-situ  development  because  of  the  reclamation  difficulties  in 
achieving  adequate  soil  stabilization  on  spent  shale  piles.   Soil  impacts  from 
true  in-situ  would  be  less  than  for  the  other  two  development  techniques. 
Leasing  Tract  C-ll  could  be  more  damaging  to  the  soil  resource  than  leasing 
Tract  C-18  due  to  the  greater  number  of  acres  of  shallow,  more  erosive 
sideslope  soils,  alluvial  valleys,  and  the  predominance  of  south  facing  slopes 
present  on  Tract  C-ll. 

Hydrology  --  Approximately  8,000  acre  ft/yr  of  water  will  be  needed  for  a 
50,000  bbls/day  operation.   An  estimated  eleven  thousand  acre  ft/yr  from  mine 
dewatering  will  require  surface  disposal  or  reinjection.   Approximately 
one-half  of  these   Lgures  would  be  necessary  for  a  25,000  bbls/day  ope    :  m. 
According  to  modeling  results,  reinjection  will  not  be  possible  on-tract  and 
will  have  to  be  located  off-tract,  however,  actual  field  tests  could  change 
these  results. 

Lne  di  catering  t;^  i]     ise  water  Leve]  ■   :'  les  on  and  adjacent  to  the  lease 
tracts.   Springs  and  wells  receiving  their  water  from  the  dewatering  afea 
could  be  impacted,  depending  upon  their  source.   Groundwater  contributions  to 
Piceance  and  Yellow  Creeks  would  be  reduced  as  a  result  of  mine  dewatering. 
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Recovery  of  the  groundwater  and  surface  water  systems  (according  to  modeling 
results)  may  take  as  long  as  three  to  ten  years,  respectively,  after  mine 
dewatering  ceases.   Due  to  modeling  inefficiencies,  this  period  of  recovery 
may  be  significantly  longer  or  shorter.   Upon  abandonment,  aquifer  mixing  may 
occur  through  shafts  or  subsurface  retorts. 

Leaching  of  toxic  substances  into  the  groundwater  system  may  occur  from 
abandoned  retorts  of  the  mine  assisted  in-situ  and  true  in-situ  methodologies. 
Leaching  of  spent  shale  backfill  material  may  also  occur  in  the  direct  mining 
and  surface  retort  and  mine  assisted  in-situ  methodologies.   Movement  of  these 
polli  L:an1   th  ough  the  groui  I   I  or  system  may  take  centuries  before  they  reach 
Picearice  or  Yellow  Creeks.   Leaching  of  surface  spent  shale  piles  could  also 
impact  surface  waters. 

The  White  River  could  suffer  a  reduced  flow  of  two  percent  for  a  50,000 
bbls/day  operation  and  a  one  percent  reduction  for  a  25,000  bbls/day 
operation.   Salt  loads  to  the  White  River  could  be  reduced  by  as  much  as  3,000 
tons  per  year. 

A  water  augmentation  plan  would  be  required  under  state  lav;  to  replace  water 
consumptively  used  during  mine  dewatering.   The  State  of  Colorado  requires 
that  water  rights  be  acquired  for  any  water  use.   The  state  water  courts  are 
available  to  enjoin  illegal  water  uses.   A  monitoring  program  would  have  to  be 
established  to  determine  impacted  sources  for  both  quantity  and  quality,  so 
that  mitigation  can  be  recommended.  - 
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Vegetation  --  The  vegetation  impacts  described  for  the  Mo  Action  Alternative 
are  applicable  to  this  alternative.   These  impacts  would  occur  on  an 
additional  1,200  to  3,200  acres  and  result  in  an  additional  short-term  loss  of 
125  to  240  AUMs  or  six  to  eleven  percent  of  the  AUM's  present  on  the  allotment 
depending  on  the  development  scenario  selected.   The  initial  quantity  of 
vegetation  disturbed  from  mine  assisted  in-situ,  direct  mining  and  true 
in-situ  development  would  be  1,200,  1,400  and  3,200  acres,  respectively. 
However,  assessment  of  reclamation  potential  indicates  vegetation  would  be 
impacted  more  severely  from  mine  assisted  in-situ  and  direct  mining 
development  than  from  true  in-situ  development  due  to  difficulties  in 
establishing  and  maintaining  vegetation  over  the  long-term  on  spent  shale 
piles.   Additionally,  leasing  Tract  C-ll  would  be  more  damaging  to  vegetation 
over  the  long-term  than  leasing  Tract  C-18  due  to  reclamation  potential  of 
soils.   Rangeland  projects  would  be  adversely  impacted  to  a  greater  degree 
under  this  alternative  than  from  the  C-18  alternative  due  to  additional 
surface  disturbance  on  vegetation  manipulations  and  less  distance  between  a 
water  well  and  the  area  to  be  dewatered. 

Wildlife  --  In  addition  to  the  wildlife  impacts  described  for  the  No  Action 
Alternative,  the  following  impacts  would  occur.   Destruction  or  alteration  of 
habitat  would  remove  forage  and  cover  available  for  wildlife  use  on  an 
additional  1,200  to  3,200  acres.   The  sever.il   <  E  this  impact  ranked  from 
greatest  to  least  impactive  by  development  scenario  is  as  follows:   direct 
mining,  mine  assisted  in-situ,  true  in-situ.   This  habitat  loss  would  impact 
mule  deer  carrying  capacity  41  percent  more  on  Tract  C-ll  than  for  Tract  C-18. 
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Human  encroachment  on-tract  and  secondary  off-tract  impacts  would  decrease 
habitat  effectiveness  for  wildlife.   These  impacts  would  be  41  percent  gi eater 
from  leasing  Tract  C-ll  than  for  leasing  Tract  C-18. 

A  significant  increase  in  vehicle-related  deer  kills  would  occur.   The  number 

of  deer  killed  would  be  15  to  86  percent  greater  under  the  C-ll  alternative 

i 

than  for  the  C-18  alternative  depending  on  production  level  and  stage  of 
project  operation. 

Impacts  to  the  aquatic  resource  in  Piceance  Creek  and  Yellow  Creek  should  be 

Lgi  Ificant  if  a  watei  !  anag<  lent  plan  is  properly  developed  and 
implemented. 

No  significant  impacts  to  threatened  or  endangered  wildlife  species  would 
occur  from  leasing  this  tract.   However,  significant  impacts  may  result  from 
tract  development  to  the  Colorado  River  squawfish  depending  on  the  quantity 
and  source  of  water  required  for  mining. 

Cultural  Resources  —  Impacts  to  cultural  resources  could  occur  if  inadvertent 
destruction  to  previously  undetected  subsurface  archaeological  sites  takes 
place  during  land  disturbance  associated  with  project  development.  Possible 
vandalism  due  to  increased  human  activity  would  also  be  an  unavoidable  adverse 
impact . 

Paleontological  Resources  --  Known  fossil  locations  in  the  northeastern 
portion  of  the  tract  could  be  affected  by  earth  disturbing  or  collecting 
activities.   Impacts  to  important  unknown  or  previously  undiscovered 
paleontological  resources  could  occur. 
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Recreation  --  Hunting  of  mule  deer  and  cottontail  would  be  displaced  on  or 
near  the  tract  site.   Hunter-camping  would  also  be  displaced  on  and  near  the 
tract.  Hunter  access  would  be  somewhat  limited  in  the  immediate  area  of 
development . 

Social  and  Economics  —  Under  the  low  production  rate  (25,000  bbls/day)  the 
town  of  Rangely  would  receive  moderate  social  impacts,  while  Rifle  and  Meeker 
would  receive  severe  impacts.   Under  the  high  production  rate  (50,000 
bbls/day),  Rangely  would  again  receive  moderate  impacts,  but  Rifle  and  Meeker 
would  sustain  very  severe  effects.   The  towns  of  Silt,  New  Castle,  Parachute, 
Battlement  Mesa,  Glenwood  Springs,  Carbondale  and  Grand  Junction  would  not 
receive  significant  impacts. 

Housing  requirements  under  this  alternative  would  increase  48  percent  to  51 

percent  for  the  Town  of  Meeker,  the  most  severely  affected  community.   The 

next  most  affected  town  would  be  Rifle,  with  35  percent  to  '  '  percent 
increases  in  needs  for  housing. 

Increases  in  crop  sale  losses  would  be  28  percent  for  Rio  bianco,  13  percent 
for  Garfield  and  10  percent  for  Mesa  Counties. 

Increased  property  and/or  sales  taxes  would  be  $380,000  to  $520,000  for  Meeker 
and  $720,000  to  $970,000  for  Rifle  over  projected  revenues  for  1988.   Also, 
total  employment  for  the  three-county  area  would  increase  approximately  5 
percent  for  the  peak  construction  period  of  1988. 
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Transportation  ---  This  alternative  would  result  in  220  trucks  per  clay  for  the 
low  production  rate  under  the  true  in-situ  scenario,  or  440  trucks  per  day  for 
a  high  production  rate  under  the  true  in-situ  scenario.   The  low  and  high 
production  rate  for  direct  or  mine  assisted  methods  would  be  1,119  and  2,238 
trucks  per  day  for  either  road  segment. 

It  becomes  apparent  that  while  there  is  a  significant  i,  c rease  or  difference 
in  development  scenarios,  there  is  a  dramatic  difference  between  true  in-situ 
and  direct  or  mine  assisted  mining  methods.   This  is  because  more  products  are 
recovered  for  direct  mining  and  mine  assisted  in-situ  than  from  true  in-situ 
methods . 

Traffic  capacities  would  range  from  61  to  100  percent  for  Highway  13/789  and 
from  26  to  70  percent  for  Piceance  Creek  Road  (County  Road  5).   Increased 
costs  would  range  from  $270,000  to  $2,760,000  for  both  the  state  and  county 
roads . 

Net  Energy  Analysis  —  At  the  25,000  bbl/day  production  rate,  the  mine 
assisted  in-situ  development  scenario  would  be  the  most  efficient  recovery 
method,  followed  by  true  in-situ.   Direct  mining  and  surface  retorting  would 
be  the  least  efficient.   Under  the  50,000  bbl/day  production  rate,  mine 
assisted  in-situ  would  be  the  most  efficient  with  both  the  direct  mining  and 
surface  retorting  and  the  true  in-situ  scenarios  the  next  most  efficient. 
True  in-situ  efficiencies  may  either  increase  or  decrease  with  technological 
refinements,  due  to  the  relatively  recent  technology  of  the  method. 
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Existing  Rights  —  Mining  activities  on  Tract  C-l 1  could  affect  two  gas  line 
rights-of-way,  three  public  water  reserves,  15  oil  and  gas  leases,  and  the 
Bureau  of  Mines1  research  facility  at  Horse  Draw. 

Surface  Reclamation  and  Solid  Waste  Disposal  —  Reclamation  of  surface 
disturbances  would  be  essentially  the  same  for  the  direct  mining  and  surface 
retort,  and  the  mine  assisted  in-situ  retorting  methodologies  (provided 
backfiLling  of  spent  shale  is  done  under  the  direct  mining  methodology). 

Surface  disposal  will  require  intensive  reclamation  due  to  the  leachability 
and  possible  toxicity  of  spent  shale  and  the  extent  of  shallow  soils  and 
sparse  vegetation  on  the  predominantly  southern  aspect  of  this  tract.   Surface 
disturbance  of  the  tract  will  be  increased  if  topsoil  is  borrowed  from  other 
areas  to  top-dress  spent  shale  waste  piles. 

Depending- on  location  and  design  of  waste  disposal  piles,  spent  shale  will 
eventual  Ly  become  exposed  to  the  surfac  •    environment  due  I  •>  natural  forces. 
Exposure  of  spent  shale  will  result  in  degradation  of  surface  water  quality 
and  decreases  in  the  established  vegetative  portion  of  the  previously 
reclaimed  areas. 

True  in  situ  I  chnology  ha.;  the  most  surface  dis     me   md  potenl   ,!  for 
soil  loss  of  any  other  methodology,  however,  reclamation  will  not  be  as 
difficult  due  to  the  absence  of  spent  shale  waste  piles. 

Establishment  of  shrub  and  tree  species  to  mature  growth  forms  will  be 
difficult  on  spent  shale  piles  due  to  the  toxicity  of  spent  si  Le  i  rid  the 
shallow  soils. 
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C-18  Alternative 

Tract  Description 

This  alternative  examines  the  possibility  of  leasing  only  Tract  C-18.   This 

tract  lies  about  six  miles  east  of  Tract  C-a ,  immediately  to  the  north  of 

Tract  C-ll.   The  tract  abuts  the  private  lands  along  Yellow  Creek  to  the 

northwest.   Preliminary  results  from  a  recent  survey  in    ate  the  tract 

contains  4,984.03  acres.   The  legal  description  is  as  follows: 

T1S,  R98W,  6th  PM,  Rio  Blanco  County,  Colorado 

Sec.  13:  A' 1 

Sec.  14:  All 

Sec.  15:  El/2,  SE1/4NW1/4,  SWl/4 

Sec.  22:  El/2,  E1/2W1/2 

Sec.  23:  All 

Sec.  24:  All 

Sec.  25:  All 

Sec.  26:  All 

Sec.  27:  El/2 

This  tract  is  a  logical  mining  unit.   The  area  contains  excellent  siting 
opportunities  for  plant  and  mine  support  sites,  surface  waste  disposal  areas 
in  the  upper  reaches  of  three  no rthward- trending  gulches  tributary  to  Yellow 
Creek,  and  access  from  the  Piceance  Creek  road  along  Ryan  Gulch  and  Yellow 
Creek,  thence  up  the  gulch  through  Sections  15  and  22.   A  description  of  the 
mineral  resources  available  on  Tract  C-18  is  included  in  Chapter  III,  Geology 
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Summary  of  Impacts 

Leasing  of  Tract  C-18  would  result  in  the  same  impacts  as  described  under 
C-ll,  with  the  following  exceptions.   For  more  details,  see  Chapter  IV, 
Environmental  Consequences. 

Air  Quality  —  Although  no  exceedances  of  PSD  increments  are  predicted  from 
leasing  Tract  C-18  under  any  development  alternative,  emissions  may  impact  air 

quality  near  Horse  Draw  and  may  contribute  slightly  to  N0X  impacts  in  Mt . 
Zirkel  Wilderness  under  the  modeled  conditions. 

Geology  —  Estimated  recovery  of  resources  under  the  direct  mining  and  surface 
retort  methodology  could  result  in  a  permanent  loss  of  the  following  resources 
as  unmined  or  unproduced  intervals,  mine  pillars,  plant  pillars,  and  process 
inefficiencies.   Future  improvements  in  mining  and  retorting  efficiencies  may 
significantly  reduce  these  estimates  of  resource  loss. 

-  78  percent  of  the  10.2  billion  barrels  of  oil  si  lie  La. 

-  86  percent  of  the  4.1  billion  tons  of  nahcolite  in  place,  and 
83  percent  of  the  1  billion  tons  of  dawsonite. 

Mine  assisted  in-situ  recovery  could  result  in  a  possible  permanent  loss  of: 

-  89  percent  of  the  in  place  oil  shale, 

-  90  percent  of  the  in  place  nahcolite,  and 
92  percent  of  the  in  place  dawsonite. 

True  in-situ  recovery  could  result  in  a  permanent  loss  of: 
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-  98  percent  of  the  in  place  oil  shale, 

98  percent  of  the  in  place  nahcolite,  and 

-  99  percent  of  the  in  place  dawsonite. 

Alluvial  Valleys,  Floodplains,  and  Agricultural  Lands  --  The  water  quality 
could  he  materially  damaged  or  impacted  in  the  Yellow  C   :k  alluvia],  valley. 
Impacts  would  he  caused  hy  surface  disposal  resulting  in  leachates  that  could 
affect  Yellow  Creek. 

Prediction  of  impacts  to  the  floodplain  of  Yellow  Creek  would  depend  upon  a 
d  I  lied  mine  plan;  avoidance  is  recommended  to  reduce  impacts. 

Soils  —  These  impacts  would  be  the  same  as  those  described  for  C-ll,  except 
that  less  damages  could  occur  because  there  are  fewer  shallow  sideslope  soils 
and  more  deep  upland  soils  on  C-18  that  are  more  easily  reclaimed. 

Vegetation  —  Approximately  0  to  15  fewer  AUMs  would  be  impacted  over  the 
short-term  under  this  alternative  than  for  the  C-ll  Alternative.   However, 
over  the  long-term  due  to  reclamation  potential  of  soils,  leasing  Tract  C-18 
would  be  less  damaging  to  vegetation  than  leasing  Tract  C-ll.   Rangeland 
projects  would  be  impacted  to  a  lesser  degree  under  the  C-18  Alternative  than 
under  the  C-ll  Alternative. 

Wildlife  —  The  quantity  of  habitat  destroyed  or  altered,  the  impact  ranking 
of  development  scenarios,  aquatic  impacts,  and  impacts  to  threatened  or 
endangered  species  would  be  the  same  as  those  wildlife  impacts  described  for 
the  C-ll  Alternative.   However,  the  following  impacts  would  be  quantitatively 
less  under  the  C-18  Alternative  than  for  the  C-ll  Alternative: 
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-  a  41  percent  reduction  in  mule  deer  carrying  capacity  from  habitat  loss, 

-  a  41  percent  reduction  of  on- tract  human  encroachment  and  secondary 
off-tract  impacts,  and 

-  a  15  to  86  percent  reduction  in  vehicle-related  deer  kills. 

Cultural  Resources  —  Impacts  to  cultural  resources  would  be  the  same  as  under 
the  C-ll  Alternative,  except  that  more  disturbance  to  subsurface  sites  could 
occur  since  the  density  of  known  sites  on  Tract  C-18  is  higher  than  that  on 
Tract  C-ll. 

Paleontological  Resources  —  Known  fossil  locations  in  the  northern  portion  of 
the  tract  could  be  affected  by  earth  disturbing  or  collecting  activities. 
Impacts  to  unknown  and  previously  undiscovered  paleontological  resources  could 
occur . 

:'  • '  .  I  and  Economics  —  The  same  impacts     ;  '  be  felt:  as  foe  C-ll,  eroepL 
that  housing  requirements  would  only  increase  by  30  to  38  percent  for  Meeker 
and  Rifle. 

Increased  property  and/or  sales  taxes  would  be  somewhat  less  than  the  C-ll 

'ornative  because  ti    odium  mine  would  be  a  s<   parate  f  C  L 1 

but  not  C-18.   Increased  taxes  for  Meeker  would  be  $170,000  to  $310,000  and 
$560,000  to  $810,000  for  Rifle.   Total  employment  increases  for  the  three 
county  area  would  be  about  three  percent  for  1988;  or  two  percent  less  than 
the  C-ll  Alternative. 
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Transportation  —  This  alternative  v.Tould  result  in  40  trucks  per  day  for  a  low 
production  rate  under  the  true  in-situ  scenario,  and  260  per  day  for  a  high 
production  rate.   Using  either  direct  or  mine  assisted  methods,  the  figures 
would  be  939  to  2,058  trucks  per  day  for  either  road.   The  main  difference 
between  this  alternative  and  C-ll  would  be  the  fact  that  if  C-ll  is  selected, 
separate  sodium  production/trucking  impacts  would  occur  with  true  in-situ 
methods.   If  C-18  is  chosen  along  with  an  in-situ  method,  the  amount  of 
minerals  from  other  development  would  be  reduced  significantly. 

Road  capacities  would  range  from  58  to  94  percent  for  the  state  highway  and 
from  24  to  67  percent  for  the  county  road,  depending  en  development  scenarios 
and  production  rate.   Repair  costs  would  range  from  $50,000  per  year  to 
$2,300,000  per  year  with  only  a  slight  variation  between  Highway  13/789  and 
Piceance  Creek  Road  due  to  some  route  variation  from  the  sodium  mine. 

Existing  Rights  --  Mining  activities  on  C-18  could  affect  two  road 
rights-of-way,  11  oil  and  gas  leases,  and  the  existing  sodium  lease  held  by 
Wolf  Ridge  Corporation.   Prior  to  any  lease  sale  of  this  tract,  an  assignment 
agreement  must  be  negotiated  for  the  sodium  minerals  held  by  the  current 
lessee,  so  that  multiple  mineral  extraction  can  occur. 

Surface  Reclamation  and  Solid  Waste  Disposal  —  Reclamation  of  C-18  would 
include  all  the  items  listed  for  the  C-ll  Alternative,  with  the  following 
differences : 

The  predominantly  northern  exposure  and  gentle  slopes  would  be  more  conducive 
to  reclamation.   Spent  shale  waste  disposal  piles  would  stay  covered  with  soil 
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for  a  longer  period  of  time  on  C-18,  and  topsoil  is  more  readily  available  for 
this  purpose. 

Combined  Alternative 

This  alternative  examines  the  possibility  of  leasing  both  Tracts  C-ll  and 
C-18,  or  a  total  of  some  9,964.71  acres.   The  tract  descriptions  (including 
legal  descriptions)  are  included  for  C-ll  and  C-18  in  the  alternative  above. 

Environmental  impacts  resulting  from  leasing  both  tracts  are  generally  the 
cumulative  total  of  the  impacts  described  for  C-ll  and  C-18,  effectively 
doubling  the  impacts  described  for  leasing  either  tract  alone.   Areas  where 
this  is  extremely  severe  or  where  they  are  not  a  summation  of  impacts,  are 
described  below: 

Air  Quality  —  Additional  prototype  lease  impacts  are  predicted  to  be  within 
all  PSD  increments  and  would  not  contribute  to  the  predicted  exceedances  under 
,  d   elopmenl  all  c\    i  tive . 

Geology  —  Impacts  to  geology  would  be  the  same  as  those  described  for  Tract 
C-ll  with  the  exception  of  the  following: 

Estimated  recovery  of  resources  under  the  direct  mining  and  surface  retort 
methodology  could  result  in  a  possible  permanent  loss  of; 

-  80  percent  of  the  estimated  19.4  billion  barrels  of  oil  shale  in  place. 

-  85.4  percent  of  the  estimated  7.9  billion  tons  of  nahcolite  in  place, 

-  87  percent  of  the  estimated  1.9  billion  tons  of  dawsonite  in  place. 
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Mine  assisted  in— situ  recovery  could  result  in  a  permanent  loss  of; 

-  86.6  percent  of  the  in  place  oil  shale, 

-  90.4  percent  of  the  in  place  nahcolite;  and 

-  93.  percent  of  the  in  place  dawsonite. 

True  in-situ  recovery  could  result  in  a  permanent  loss  of; 

-  94.7  percent  of  the  in  place  oil  shale; 

-  97  percent  of  the  in  place  nahcolite;  and 
95  percenl  of  the  in  plai   d  wsonite. 

Hydrology  —  Impacts  to  hydrology  systems  from  leasing  both  tracts  would  be  as 
described  under  the  C-ll  and  C-18  Alternatives,  with  the  following 
exceptions . 

Approximately  16,000  acre  ft/yr  of  water  would  be  required  for  development  and 
22,000  acre  ft/yr  would  be  required  for  surface  or  subsurface  disposal  from 
mine  dewatering  of  a  100,000  bbls/day  operation.   A  50,000  bbls/day  operation 
would  involve  approximately  one-half  less  water  than. the  100,000  bbls/day 
operation. 

Flow  of  the  White  River  would  be  reduced  by  four  percent  at  100,000  bbls/day 
and  two  percent  at  50,000  bbls/day.   Total  salt  loads  contributed  to  the  White 
River  at  100,000  bbls/day  production  would  be  reduced  by  approximately  6,130 
tons/year.   As  a  result  of  mine  dewatering,  Yellow  Creek  will  become  dry  over 
50  percent  of  the  year  (during  summer  months).   Also,  Piceance  Creek  would 
experience  periods  of  no  flow  in  the  summer. 
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Recreation  —  Hunting  mule  deer  and  cottontail  would  be  displaced  on  and  near 
the  proposed  tract  sites. 

Access  would  be  somewhat  limited  in  the  immediate  area  of  development  for 
hunters.   Hunting  pressure  would  increase  with  population  increases.   Hunting 
opportunities  may  be  denied  to  some  hunters  if  the  state  decides  to  implement 
a  permit  system  due  to  increased  hunting  pressure  from  the  peak  construction 
period . 

Social  and  Economics  —  If  both  tracts  are  developed,  regardless  of 
development  scenario,  the  Town  of  Rangely  would  receive  severe  social  impacts 
and  the  towns  of  Rifle  and  Meeker  would  have  impacts  classified  as  very 
severe.   Additionally,  the  towns  of  Silt,  New  Castle,  Glenwood  Springs  and 
Carbondale  would  feel  the  effect  for  the  Combined  Alternative. 

using  t  quirements  would  be  in  ceased  by  58  percent  to  63  pezxeni  for  Meel 

and  50  percent  to  58  percent  for  Rifle. 

Increases  in  Crop  Sales  Losses  for  the  Combined  Alternative  would  be  29 
percent  for  Rio  Blanco  County,  23  percent  for  Garfield  County  and  21  percent 
for  Mesa  County. 

Increased  property  and/or  sales  taxes  would  be  $560,000  to  $840,000  for  Meeker 
and  $1,290,000  to  $1,790,000  for  Rifle,  over  revenues  projected  under  the  No 
Action  Alternative.   Total  employment  for  the  three-county  area  would  increase 
approximately  8  percent  for  the  peak  construction  period. 


41 


Transportation  ---  This    alternative  would  result  in  260  to  700  trucks  per  day 
for  a  low  to  high  production  rate  comparison,  using  true  in-situ  methods. 
Using  direct  or  mine  assisted  methods  would  result  in  2,058  to  4,296  haul 
trucks  per  day. 

Traffic  capacities  would  range  from  66  to  137  percent  for  the  state  highway 
and  from  29  to  111  percent  for  the  county  road.   Repair  costs  would  range  from 
$1,500,000  to  $3,000,000  annually. 

The  most  significanl  ;;   cts  to  transportation  would  occur  from  either  dire  I 
or  mine  assisted  in-situ  mining  methods  in  steady-state  production  (1993)  low 
or  high  development  scenario  of  the  Combined  Alternative;  and  the  high 
scenario  for  ail  three  development  alternatives. 

Noise  —  Significant  noise  increases  would  be  produced  by  increased  truc^ 
traffic  along  State  Highway  13/789,  between  Rifle  and  Rio  Blanco,  and  on 
County  Road  5  between  Rio  Blanco  and  the  tracts,  for  the  high  (100,000 
bbls/day)  production  rate,  using  either  the  direct  or  mine  assisted  in-situ 
methods  of  mining.   Noise  levels  would  be  increased  from  69  to  78  db,  at  50 
feet  from  the  highways,  almost  doubling  the  perceived  noise  level. 

Development  Scenarios 

Regardless  of  which  tract(s)  is  (are)  leased,  the  geotechni cal  setting  is 
essentially  the  same  permitting  the  use  of  essentially  similar  methods  to 
recover  shale  oil  and  associated  saline  minerals.   Possible  development 
scenarios  can  be  generally  categorized  as  methods  involving  direct  mining  and 
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surface  retorting,  mine  assisted  in-situ  processing,  and  true  in-situ.   Tract 
development  would  probably  begin  in  the  Saline  Zone  with  subsequent  production 
from  the  upper  zone  shales,  principally  the  Mahogany  Zone,  as  the  lower  zone 
resources  begin  to  play  out,  achieving  a  sustained  production  of  25,000  to 
50,000  bbls/day  of  shale  oil  for  each  tract  after  1993.   For  purposes  of  this 
analysis,  mine  life  is  assumed  to  be  30  years,  beginning  with  lease  sale  in 
1983.   Actual  mining  will  probably  occur  for  a  longer  period  up  to  100  years 
or  more,  however,  predictions  of  impacts  beyond  30  years  would  be  speculative 
at  best. 

Direct  Mining  And  Surface  Retorting 

Direct  mining  would  require  sinking  of  two  or  more  large  diameter  shafts 
(15-30  feet)  approximately  3,000  feet  deep  with  one  or  more  supplemental  small 
diameter  shafts  for  secondary  ventilation  utility  lines,  and  emergency  escape. 
From  these  shafts,  up  to  several  mine  levels  would  be  advanced  across  the 
tract  probably  along  either  a  zone  of  bedded  nahcolite  or  high  grade  (>_  30 

I.on/ton)  oil  shale,      I  h  is   mine  levi  Ls  are  adva    ;,  one  oi     >.   of 
several  possible  deep  mining  methods  could  be  utilized  to  recover  the  bulk  of 
the  resource,  including  room-and-pillar ,  chamber-and-pillar ,  sublevel  stoping, 
and  crater  retreat. 

Room-and-pillar  mining  is  the  only  method  proven  in  oil  shale,  to  date,  at 
test  mines  along  the  southern  edge  of  the  Piceance  Basin.   This  method 
involves  mining  out  rooms  of  oil  shale,  leaving  large  blocks  of  resource  In 
place  to  support  the  overburden.   Generally,  up  to  60  percent  of  the  resource 
across  the  mine  interval  can  be  recovered  and  moved  by  large  trucks  or 
conveyor  systems  to  the  production  shaft  for  hoisting  to  the  surface. 
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However,  over  the  entire  breadth  and  thickness  of  the  resource  (for  both  C-ll 
and  C-18),  rock  strength  and  efficiencies  of  currently  available  technology 
would  probably  limit  overall  recovery  to  not  exceed  30  percent. 

Chamber-and-pillar  involves  excavation  of  large  rectangular  rooms  separated  by 
long  narrow  pillars.   Blast  holes  are  drilled  in  a  fan-shaped  pattern  to  the 
side  and  above  the  mine  level,  charged,  and  blasted  to  create  a  rubble  filled 
chamber.   Large  loading  machines,  trucks,  and  conveyors  are  used  to  move  the 
rubble  to  the  production  shaft  for  hoisting  to  the  surface. 

Sub.1     ■  '  pin;  ai  1  crater  r<   eai  are  i     ::   oi  mining  out  an  interval  of 
oil  shale  between  upper  and  lower  mine  levels  that  may  be  up  to  several 
hundred  feet  apart.   The  intervening  oil  shale  is  drilled  and  explosively 
rubblized.   For  sublevel  stoping,  large  rectangular  cavities  are  created,  by 
drawing  the  rubble  out  through  draw  points  feeding  a  haulage  way  mined  below 
the  lower  blast  hole  drilling  level.   Cratering  results  in  blasting  off  thick 
sections  of  oil  shale  between  the  mine  levels  and  mucking  out  the  rubble  from 
the  lower  development  level.   Stoping  has  an  overall  extraction  rate  of  50  to 
60  percent,  while  cratering  can  recover  nearly  all  the  shale  between  the  mine 
levels . 

For  any  of  these  methods  to  achieve  maximum  recovery  and  to  stabilize  the  mine 
level  so  that  overlying  resources  can  be  safely  extracted  with  minimal  impact 
on  upper  zone  aquifers,  it  will  be  necessary  to  backfill  mined  out  areas. 
Surface  retorted  oil  shale  can  be  mechanically  or  hydraulically  back  stowed. 
Removal  of  nahcolite  will  create  sufficient  excess  void  space  so  that 
virtually  all  of  the  surface  processed  shale  can  be  backfilled  at  full 
production . 
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Direct  mining  will  yield  both  bulk  nahcolite  during  initial  mining  in  the 
saline  zone  and  combined  oil  shale  and  saline  minerals  during  room  and  stope 
development.   Bulk  nahcolite  will  be  further  crushed  on  the  surface  and 
transported  off-tract  by  truck.   Remaining  shale  will  be  further  crushed  and 
nahcolite  separated  by  optical/mechanical  classification.   The  remaining  shale 
can  then  be  processed  by  one  or  more  of  surface  retorting  methods.   Either 
unit  can  be  directly  heated  by  burning  residual  carbon  on  the  shale  fragments 
that  form  as  the  kerogen  is  broken  down  into  oily  gases  and  vapors;  or 
indirectly  heated  by   burning  the  carbon  and/or  process  off-gas  in  external 
furnaces  with  the  heat  carried  back  to  the  retort  chamber  by  a  gaseous  or 
solid  working  medium.   Once  retorted,  the  shale  can  be  leached  with  a  mild 
caustic  water  solution  to  dissolve  out  the  alumina  contained  in  the  finely 
disseminated  dawsonite.   The  now  spent  shale  can  be  slurried  or  mechanically 
conveyed  back  to  mined  out  areas  to  stabilize  mine  workings  and  minimize 
stratigraphic  subs  idence . 

Estimated  surface  disturbance  for  mine  shaft  sites,  surface  facilities,  and 

the  mine  support  area  is  200  acres.   An  additional  200  acres  would  be 

disturbed  to  construct  the  surface  retort  facilities.   Those  disturbances 

would  persist  througho u  '<:    the  life  oL:  the  mine.   ApproxLaa  Lely  1,000  acres 

» 
would  be  required  for  surface  waste  disposal.   However,  only  portions  of  this 

total  acreage  (approximately  200  acres)  would  ever  be  disturbed  at  one  time 

since  rehabilitation  efforts  would  be  implemented  as  soon  as  feasible  to 

minimize  erosion  and  particulate  emission.   Surface  facilities  consist  of 

permanent  shafts  encompassed  by  large  cement  head  frames.   A  large;  retort 

system  would  be  needed  for  processing  extracted  materials.   Warehouses, 
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offices,  and  lay  down  yards  provide  working  area  and  equipment  storage  sites. 
Additional  structures  would  be  needed  for  ventilation  fans,  utility  systems, 
and  water  treatment  plants. 

Mine  Assisted  In-Situ 

Mine  assisted  in-situ  could  proceed  on  two  principal  schemes.   The  method 
currently  being  field  tested  by  industry  involves  driving  mine  levels  above 
and  below  the  interval  of  shale  to  be  retorted.   These  levels  would  probably 
be  mined  along  either  nahcolite  rich  zones  or  very  rich  oil.  shale.   Then 
enough  in  place  material  equal  to  20  to  40  percent  of  the  volume  of  the  shale 
rock  between  mine  levels  is  mined  out.   Mined  materia],  would  be  hoisted  to  the 
surface  for  nahcolite  separation  and  shipment,  and  surface  oil  shale  retorting 
and  alumina  recovery.   The  intervening  oil  shale  would  then  be  drilled  and 
explosively  fragmented  into  large  rubble  filled  chambers  up  to  an  acre  in 
area.   These  rubble  filled  chambers  are  then  heated  at  the  top  with  special 
burners  or  externally  heated  gases  and  supplied  with  air  and  steam  to 
initiate,  sustain  and  control  the  rate  of  combustion  to  retort  out  the 
kerogen.   Pyrolysis  heat  is  drawn  downward  by  differential  ventilation 
pressure  retorting  the  underlying  oil  shale.   Oily  gases  and  vapors  tend  to 
condense  near  the  bottom  of  each  chamber  and  are  drawn  to  the  surface  for 
further  separation  through  sealed  mine  shafts.   In  the  Saline  Zone,  the  rubble 
filled  chambers  could  first  be  leached  with  water  to  dissolve  out  the 
nahcolite,  then  retorted.   These  burned  out  retort  chambers  could  then  be 
leached  with  a  mild  caustic  solution  to  recover  alumina. 

A  variation  of  this  general  scheme  is  to  draw  all  the  oil  shales  and  nahcolite 
out  of  the  rubble  chambers  to  create  large  stopes,  separate  the  nahcolite 
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and  crush  the  oil  shale  to  uniform  size  underground.   The  crushed  shale  is  put 
back  into  the  stope  and  retorted  and  leached  as  described  above  to  recover 
oil,  gas,  and  alumina. 

Total  surface  disturbance  for  this  scheme  is  less  than  required  for  Direct 
Mining  and  Surface  Retorting  due  to  smaller  acreage  requirements  necessary  for 
surface  retort  facilities  and  process  waste  disposal.   An  estimated  200  acres 
would  be  required  for  mine  shaft  sites,  surface  facilities,  a  mine  support 
area,  and  the  surface  retort  facility.   Approximately  1,000  acres  would  be 
required  for  surface  waste  disposal  piles. 

Surface  facilities  for  this  technique  would  essentially  be  the  same  as 
required  for  Direct  Mining  and  Surface  Retorting  with  the  exception  of  a 
smaller  retort  plant. 

True  In-Situ 

True  in-situ  proi  essing  '  :  carried  out  by  dril.1  '  ;  closely  \   ;ed  !     ,[ 
from  the  surface  through  the  interval  to  be  developed.   Communication  is  then 
established  between  well  points  by  hydraulic  or  explosive  fracturing  or  by 
leaching  away  soluble  minerals,  such  as  nahcolite.   Once  communication  is 
established,  remaining  nahcolite  is  dissolved  by  circulated  water.   The 
pregnant  liquor  is  dr.    to  the  surface  through  selected  well  points,  salts 
are  precipitated  and  [marketed  as  caustics  soda.   The  remaining  oil  shale  is 
then  retorted  in-place  circulating  superheated  v/ater  or  steam.   The  oily 
emulson  is  pumped  to  the  surface  for  oil  water  separation. 
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Resulting  surface  disturbance  is  variable  for  this  technique  based  on 
topography-   Approximately  200  acres  would  be  permanently  disturbed  at  the 
plant  site  and  product  storage  areas.   Minimal  acreage  would  be  required  for 
surface  waste  disposal.   However,  a  large  percentage  of  the  tract  surface 
(3,000  acres)  would  eventually  be  temporarily  disturbed  during  land  leveling 
operations  for  borehole  drilling  activities. 

Surface  facilities   would  be  centralized  around  a  stationary  separation 
facility  or  a  "semi-mobile"  separation  facility.   These  facilities  would  house 
oil  and  water  separators,  steam  generators,  and  product  handling  systems.   A 
traveling  i  drill  rigs  would  be  required  to  drill  boreholes  and 

initiate  underground  extraction  activities.   Temporary  surface  pipelines  would 
connect  and  transport  products  from  the  boreholes  to  the  separator  facility. 

Upper  Zone  Shale  Recovery 

Once  the  Saline  Zone  shales  have  been  processed,  it  would  be  possible  to 
recover  oil  and  gas  from  the  upper  zone  shales  using  either  a  direct  mining 
method  or  mine  assisted  in-situ.   The  method  selected  would  depend  on  zone 
thickness  and  ground  conditions. 

Resource  Requirements 

For  each  of  the  development  scenarios  described  above,  associated  resource 
needs  have  been  identified  that  would  apply  to  the  rate  of  production, 
regardless  of  development  technique.   These  resource  requirements  are 
described  below. 

Employment 
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Based  on  available  employment: '  pro jections  for  existing  oil  shale  operations,  a 
rough  correlation  between  daily  oil  production  and  required  construction  and 
operating  work  force  can  be  made.   For  purposes  of  this  analysis,  it  is 
assumed  that  steady  state  production  employment  will  be  achieved  ten  years 
after  lease  sale  (1993),  with  a  range  of  production  from  25,000  bbls/day  to 
50,000  bbls/day  for  each  tract  by  that  year.   Peak  construction  employment 
would  occur  approximately  five  years  after  lease  sale  (1988). 

Given  these  assumptions,  the  following  employment  estimates  can  be  assumed  for 
each  tract: 

Work   Force 


Production  Peak    Construction  Peak   Operation 

(bbls/day) 1988 1993 

25,000  1,700  1,125 

50,000  2,200  1,400 


If    two    tracts    are    leased,    it    is    assumed    that    these    numbers   would    roughly 
double,    with    the    recognition    that    such   an   assumption   may   be   a    ""worst    case'', 
since    no    two    p-  i       Lll   be   at   e~'.-i-'  Ly    the  >    point    Ln    Lh    rc   de\  2I0] 

at    the    same    time,    and    some    employees   with    specific    skills   may   be    utilized    by 
more    than   one    project.    ■ 

For    both    tracts,    it    is    assumed    that    the   work    force    would    live    in    the    following 
locations:       Rio    Blanco   County-40   percent    (Meeker-30   percent,    Rangely-7 
percent,    elsewhere-3    percent),    and    Garfield   County-60   percent    (Rifle-50 
percent,    Silt-3   percent,    Parachute-2   percent,    elsewhere-5   percent). 

Product   Transportation 
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At  peak  production  it  is  anticipated  that  the  following  products  will  need  to 
be  transported  out  of  each  tract  annually.   The  production  estimates  apply  for 
both  the  direct  mining  and  mine  assisted  in-situ  scenarios.   For  the  true 
in-situ  scenario,  only  shale  oil  and  caustic  soda  would  be  produced  in  the 
quantities  shown  below. 


Productio   Rate 


Product 


Shale  Oil 
Soda  Ash 
Alumj  na 
Caustic  Soda 
Sodium  Bicarbonate 
Carbon  Dioxide 
Nshcolite  I 
Ammonia  ( liqu  :  d  ) 
Su3 j  i  i 
Coke 


25,000  bbls/day 


8,048,750  bbls 

831,250  tons 

263,7  50  tons 

1,000,000  tons 

62,500  tons 

27  7,500  tons 

2,500,000  tons 

49,755  tons 

27,375  tons 

91,250  tons 


50,000  bbls/day 


16,097,500  bbls 

1,662,500  tons 

527,500  tons 

2,000,000  tons 

125,000  tons 

555,000  tons 

5,000,000  tons 

98,550  tc  ts 

54,750  tons 

182,500  tons 


Transporting  these  products  to  markets  (typically  hundreds  of  miles  distant) 
or  to  existing  common  carrier  dump  points  or  rail  sidings  on  existing  roads 
will  be  a  significant  activity.   During  early  scale-up  phases  of  production, 
it  will  probably  be  feasible  to  transport  oil  products  by  truck.   Shale  oil 
could  probably  be  taken  to  Rangely  and  piped  from  there,  or  to  Rifle  for 
shipment  by  rail  while  dry  products  and  ammonia  would  probably  be  trucked  to 
Rifle  for  rail  shipment. 

Transportation  costs  tend  to  dictate  that  most  products  be  reduced  to  as  low  a 
volume  and  as  high  a  value  as  practicable  prior  to  transporting.   Thus,  most 
shale  oil  probably  will  be  treated  to  the  level  of  refinery  feedstock  prior  to 
transporting.   Pipelines  appear  to  be  the  most  practical  method  of  moving 
shale  oil  and  possibly  ammonia.   Sulfur,  coke,  and  sodium  and  alumina  minerals 
probably  will  be  shipped  by  rail. 


So 


Wa t e r  Use 

Water  requirements  are  somewhat  process-dependent,  and  many  estimates  to  date 
for  oil  shale  extraction  are  in  the  range  of  one  to  four  barrels  of  water  per 
barrel  of  shale  oil  produced.   Thus  the  range  in  requirements  for  a  50,000 
bbl/day  plant  would  be  from  about  6.4  acre  ft/day  to  25.8  acre  ft/day,  or  from 
about  2,300  to  9,300  acre  ft/yr.   Estimates  for  a  25,000  bbl/day  plant  would 
be  approximately  half  this-  figure.   Water  requirements  for  handling  and 
reclamation  of  processed  shale  make  up  a  significant  portion  of  the  total 
water  needed;  given  the  range  in  possibilities  of  mining,  backfilling,  surface 
disposal  of  shale,  and  retorting,  this  portion  of  the  water  requirements  could 
range  from  about  1/4  to  more  than  1/2  the  total. 

Other  water  uses  include  dust  control,  stack-gas  scrubbing,  revegetation, 
process  steam  and  water,  upgrading,  mining,  and  power  generation.   if  mines 
are  "wet",  a  significant  amount  of  water  will  be  removed  as  moist  air  by  i;he 

t  Lla  t  Lon  ...  I  an    la       :    [ui-ri    its  for  sodi         mm  :Ki  :  i 

are  not  well  known  at  this  time,  but  would  utilize  a  high  percentage  of 
recirculation  and  probably  would  be  within  the  range  of  above  estimates. 

In  addition,  municipal  water  use  by  the  increased  population  will  amount  to 
some  100  gallons  per  day  per  person  or  about  11,000  acre  ft/yr.  per  10,000 
population . 

Alternatives  Considered  But  Eliminated 

A  number  of  other  alternatives  have  been  suggested,  but  were  eliminated  from 

detailed  study.   A  brief  description  of  these  alternatives  is  presented  below 
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Aeria!  view  looking  north  across  the  northern  portion  of  tract  C-18  towards  the  lower  reaches 
of  V  "  Jui      10,  V     2 
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View  looking  east  across  Yellow  Creek  to  tract  C-18. 
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with  the  reasons  for  their  elimination  from  further  consideration.   No  other 
alternatives  were  presented  that  would  have  fewer  apparent  impacts,  or  that 
would  better  meet  the  Department  of  Interior's  goals  for  the  prototype 
program. 

Offering  More  Than  Two  Leases 

The  decision  made  by  the  Assistant  Secretary  of  the  Interior  for  Land  and 
Water  Resources  in  November  1981  stated  that  BLM's  oil  shale  program  should 
include  provisions  for  offering  one  or  two  tracts  by  early  1983  as  part  of  the 
prototype  leasing  program.   If  feasible,  these  lease  offerings  should  be 
designed  specifically  to  provide  opportunity  for  the  concurrent  development  of 
oil  shale  and  associated  minerals  in  the  Saline  Zone,  as  well  as  other 
appropriate  technologies.   It  is  believed  that  these  objectives  can  be  met  by 
offering  one  or  two  tracts  under  the  prototype  program.   The  need  for  more 
than  two  tracts  has  not  been  demonstrated. 

Of  ;:  :    :  ,-    \  ':    5,1  0  .'  c  is 

New  legislation  is  pending  before  the  U.S.  Congress  to  increase  tract  size, 
provide  for  off-tract  disposal  of  spent  shale,  and  allow  for  the  holding  of 
more  than  one  lease  by  any  one  company  or  individual.   Nevertheless,  it  lias 
been  assumed  for  purposes  of  this  document  that  prototype  leasing  is  subject 
to  existing  laws  and  regulations.   The  Mineral  Leasing  Act  of  1920  limits 
tract  size  to  5,120  acre:;,  the  maximum  considered  in  this  Environmental  Impact 
Statement . 

Analyze  Areas  Outside  The  Six  Areas  Offered 
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Five  of  the  six  areas  offered  for  expressions  of  leasing  interest  were 
examined  in  the  1973  Prototype  EIS,  and  were  subsequently  identified  in  Lhe 
White  River  Management  Framework  Plan  as  those  areas  where  additional  oil 
shale  leasing  should  be  offered  first.   The  sixth  area  offered  is  a  tract 
comprised  of  the  two  existing  sodium  leases  in  the  basin.   Since  multiple 
resource  recovery  technology  is  one  of  the  goals  of  this  round  of  the 
prototype  program,  it  was  felt  that  offering  any  existing  sodium  leases  for 
concurrent  oil  shale  development  was  appropriate  and  within  the  discretion  of 
the  Secretary  of  Interior.   In  fact,  three  of  the  four  expressions  of  leasing 
interest  were  for  this  sodium  lease  tract.   It  is  felt  that  these  lands  were 
suf  fieri       i     tl   i   1   orf  th(       type  oi3  shal<  pr>  igram  •   Whil  e  s< 
interest  was  mentioned  in  areas  outside  the  six  tracts  offered  (including 
nearby  Sodium  Preference  Right  Lease  Application  tracts),  the  development 
technologies  proposed  can  be  used  on  the  two  tracts  being  analyzed.   There 
would  be  no  environmental  advantage  to  offering  tracts  other  than  the  two 
analyzed  here. 


Analyze  Tract  II  (a  redelineation  of  tract  C-6  from  the  1973  Environmental 
Impact  Statement) 

This  tract  was  identified  as  being  of  secondary  interest  (or  less  desirable 
but  still  of  interest)  since  the  technologies  recommended  for  the  tract  could 
be  better  employed  on  Tract  C-1L.   It  was  determined  that  since  C-ll  was  more 
desirable,  and  no  new  or  different  technologies  were  proposed  for  Tract  II 
than  for  C-ll,  there  was  no  need  to  offer  both  tracts  for  lease. 

Offer  Only  One  Lease  For  Sale,  But  Open  Two  Tracts  For  Bidding 
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The  idea  behind  this  proposal  would  be  to  seek  the  highest  bid  for  a  single 
lease.   Such  an  option  could  be  considered  by  the  Secretary  of  Interior  in 
making  his  decision.   This  has  not  been  addressed  as  a  separate  alternative 
since  the  result  would  be  leasing  either  C-li  or  C-18  and  the  impacts  of  both 
these  alternatives  are  already  being  examined. 

Analyze  The  1,320  Acres  Of  The  Sodium  Lease  Tract  West  Of  Yellow  Creek 
An  expression  of  interest  was  received  from  the  Nieison  Resources  Corporation 
for  1,320  acres  of  the  sodium  lease  tract  west  of  Yellow  Creek  for  a  multiple 
resource  recovery  process  concurrent  with  oil  shale  development.   Nieison  is 
part  owner  of  the  Rock  School  Corporation  which  holds  the  sodium  lease  for 
this  1,320  acres.   This  tract  has  been  eliminated  from  further  consideration 
for  two  principal  reasons:  (1)  it  is  only  one-fourth  the  size  of  the  maximum 
allowable  lease  acreage  and  could  not  be  judged  on  the  same  competitive  basis 
as  the  two  larger  tracts;  and  (2)  it  is  not  a  "logically  shaped"  mining  unit 
and  is  further  complicated  by  a  satellite  parcel  of  120  acres  separated  by 
private  land  along  Yellow  Creek  wi  th  divided  estate  (surface  -  State  of 
Colorado  Division  of  Wildlife,  mineral  -  Bell  and  Cross  Cattle  Company). 
However,  it  could  potentially  be  added  to  adjoining  lands  to  create  a  larger 
tract  for  lease  under  the  proposed  permanent  oil  shale  leasing  program 
sometime  in  the  future. 

Delay  or  Phase  Prototype  Lease  Sales  Beyond  The  Proposed  April  1983  Date 
Currently,  it  is  perceived  that  the  only  reason  to  consider  such  an 
alternative  would  be  to  wait  for  new  technology  to  fully  develop  prior  to 

sing.   However,  it  Ls  felt  that  the  development  technologies  proposed  here 
are  sufficiently  evolved  that  such  an  alternative  need  not  be  considered.   It 


v> 


is  possible  that  there  may  be  other  reasons  for  delaying  or  phasing  the  lease 
sale.   It  is  within  the  descretion  of  the  decision-maker  to  require  such  a 
delay  and  the  Secretary  may  make  this  decision  prior  to  announcing  a  lease 
sale . 

Preferred  Alternative 

Most  of  Tract  C-18  is  currently  leased  for  sodium  minerals  to  the  Uolf  Ridge 

Corporation.   Since  early  1982,  BLM  has  been  attempting  to  work  out  an 

agreement  with  Uolf  Ridge  Corporation  whereby  their  interest  in  the  sodium 

lease  could  be  assigned  to  a  successful  bidder  on  C-18.   BLM  and  Uolf  Ridge 

hav(  bee   unable  to  resolve  these  legal  issues  and.  for  this  reason,  C  :     '■' 

\\'\\\  •''■'. 

.    C~18  aol  be  offered  for  lease.   The  preferred  alternative  is 
(\  '» 

to  offer  only  Tract  C-l 1  for  lease. 
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CHAPTER  III 
AFFECTED  ENVIRONMENT 
AIR  QUALITY 

The  existing  air  quality  of  the  Piceance  Basin  is  typical  of  undeveloped 
regions  in  the  western  United  States;  amhient  pollutant  levels  are  usually 
near  or  belov;  the  measurable  limits.   Notable  exceptions  in  this  region 
include  high,  short-term  concentrations  of  total  suspended  particulates  (TSP) 
(primarily  wind  blown  dust),  ozone  (03),  non-methane  hydrocarbons  (NMHC)  and 
carbon  monoxide  (CO),  especially  In  nearby  towns.   Locations  vulnerable  to 
decreasing  air  quality  from  extensive  energy-related  resource  development 
include  the  immediate  operation  areas  (coal  mines,  shale  oil  retorts,  etc.), 
local  population  centers  with  their  induced  impacts,  and  distant  areas  which 
can  be  affected  through  long-range  transport  of  pollutants. 

National  and  state  ambient  air  quality  standards  limit  the  total  amounts  of 

pecific  pollutants  (CO,  lead,  nitrogen  dioxide  (NOo),  NMHC,  O3 ,  sulfur 
dioxide  (S02)»  an<*  TSP).   These  standards  were  established  to  protect  public 
health  (primary  standards)  and  public  welfare  (secondary  standards).   Areas 
which  consistantly  violate  minimum  standards  because  cf  man-caused  activities 
are  classified  as  Non-attainment  Areas,  and  must  implement  a  plan  to  reduce 
ambient  levels  below  t  ';  maximum  pollution  standards  (Table  III-l).   To 
protect  areas  not  classified  as  Non-attainment,  Congress  established  a  system 
for  the  Prevention  of  Significant  Deterioration  (PSD)  through  the  Clean  Air 
Ac  t  Ame  nd me n  t  s  of  197  7. 


TABLE    III-l 

COLORADO   AND   FEDERAL   ATR   QUALITY   STANDARDS 


Pollutant 


Averaging 
Time  a/ 


Ambient  b/ 
Primary    Secondary 


Standards  (Micrograms  Per  Cubic  Meter) 


Increments  c/ 
Class  1/ 
Category  I   Class  II 


Class  III 


Carbon  monoxide 

Lead 

Nitrogen  Dioxide 

Non-Methane 

Hydro c       r"  I 

Ozone 

Sulfur  Dioxide 


Total  Suspended 
Particulates 


8-hour 
1-hour 

Quarterly 

Annually 

3-hour 
(0600-0900) 

1-1 

Annual 

24-hour 

3-hour 

Annual 
24-hour 


10,000 
40,000 


1.5 

100 
160 

240 


80 

— 

2 

•  20 

40 

365 

— 

5 

91 

182 

— 

1,300 

25 

512 

700 

75 

60 

5e/ 

19 

37 

260 

150 

10 

37 

75 

a_/   Short  term  standards  (those  other  than  Annual  and  Quarterly)  are  not  to  be  exceeded 
more  than  once  each  year. 

b/   Ambient  standards  are  the  absolute  maximum  levels  allowed  to  protect  either  public 
health  (primary)  or  welfare  (secondary). 

c/   Prevention  of  Significant  Deterioration  standards-  are  the  maximum  incremental 

increase  levels  allowed  above  the  baseline  amounts  of  pollutants  in  regions  of  clean 
air . 

d7   The  Non-Methane  Hydrocarbon  standard  was  established  as  a  guide  in  evaluating 
attainment  of  the  ozone  standard. 

e/   Total  suspended  particulate  increments  are  not  included  in  Colorado  Category  I 
standards. 


Areas  were  classified  by  the  additional  amounts  of  TSP  and  SO2  degradation 
which  would  be  allowed.   Class  T.  areas,  predominately  National  Parks  and 
certain  Wilderness  Areas,  have  the  greatest  limitations;  virtually  any 
degradation  would  be  significant.   Areas  where  moderate,  controlled  growth  can 
take  place  were  designated  as  Class  II.   Class  III  areas  are  those  areas  which 
allow  the  greatest  degree  of  impacts.   Most  of  the  study  region  is  Class  II  - 
Grand  Junction  is  a  Non-attainment  Area  for  TSP. 

Class  I  areas  closest  to,  and  predominately  downwind  from  the  proposed  lease 
sites  are  the  Maroon  Bells-Snowmas s ,  Flat  Tops,  and  Mount  Zirkel  Wilderness 
Areas.   Although  they  have  Class  II  PSD  status,  other  areas  of  special  concern 
include  Dinosaur  and  Colorado  National  Monuments  and  the  Raggeds  Wilderness 
Area.   These  areas  are  shown  in  Figure  III-l.   Arches  and  Canyonlands  National 
Parks  are  also  Class  I  areas,  but  their  geographic  and  meteorologic 
relationships  to  the  proposed  let\se  tracts  make  them  less  susceptible  to  air 
quality  degradation. 

The  State  of  Colorado  has  also  established  standards  to  limit  additional  air 
quality  deterioration  by  establishing  S02  increments  in  state  designated 
Category  I  areas.   The  standard  is  identical  to  the  Federal  PSD  Class  I  SO2 
increments  and  applicable  to  the  Colorado  Class  I  areas  listed  above  plus 
Dinosaur  and  Colorado  iational  Monuments. 

Background  concentrations  of  CO,  lead,  N02,  NMEC,  O3,  SO^  and  TSP 
measured  in  the  region  are  presented  in  Tables  III-2  and  III-3 .   Higher  TSP 
levels  would  be  expected  near  towns  due  to  local  combustion  sources  and 
traffic  on  unpaved  roads,  but  the  significant  regional  TSP  concentrations  are 


Figure  111-1     Northwest  Colorado  Showing  Approximate  Location  of  Proposed  Lease  Trecti  (arrow). 
Wilderness  Aroas,  National  Monuments  In  the  Region,  and  Communities  That  May  be 
Affected 
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SELECTED  PART1CU 


TABU".    111-3 
LATE    CONCENTRATION    AND   COMPOSITION    !'ATA    (MICROCRAHS    PER    CUBIC    METER) 


Station     Feriod 


ISP 

Ann. 

1st 

1 

Ceo. 

24   hr 

ObE 

Kean 

Max. 

Tl5 

2nd 

Ann. 

24   hr 

f 

Ceo. 

Max. 

Obs 

Mean 

Obs 


Sulfate 

Ajin  • 

Arth.       24    hr 

Mian        Max. 


Nl  Itatc 
Ann. 

f  Arth.  24    hr 

Obs       . Mean  Max. 


Lead 
Ann . 

Arth.       1/4 
Mean         Max. 


1/4 


Cathedral    Blu!  fs   a_/ 

Site   020    1! 

— 

14 

69 

— 

1980 

— 

10 

— 

1979 

— 

16' 

63 

— 

Site  023   1981 

— 

14 

86 

■ 

1980 

— 

11 

— 

— 

1979 

— 

16 

81 

Chevron   b/ 

Site   A      10/80-9/81 

— 

11 

227 

224 

Site   E      10/80-9/81 

— 

21 

Colorado    Nat'l 

Monument   k/ 

19M> 

78 

16 

42 

37 

1979 

86 

15 

67 

62 

1978 

54 

15 

39 

33 

Craig,    Courthouse 

1981 

83 

87 

— 

230 

1980   c/d/e/ 

71 

86 

382 

238 

1979 

41 

93 

206 

170 

Glenvood    Springs, 

Courthouse   c/d/ 

1981 

83 

63 

— 

1  "", 

1980 

1979 

88 
85 

68 
57 

203 

188 

199 
173 

Grand    Junction, 

kood   St.    c/ 

19  Gl 

64 

77 

— 

" 

! 

'11 

— 

1    4 

1979 

83 

82 

183 

176 

Grand    Valley,    High 

School   c/e/ 

1978 

51 

55 

213 

208 

1977 

35 

(52) 

334 

217 

1976 

78 

71 

361 

342 

Keeker,    Courthouse 

1981 

77 

59 

— 

134 

1980  c/d/f/ 

70 

66^ 

212 

171 

1979 

Naval    Oil    Shale 

Reserve  gj 

6/81-9/81 

14 

(24) 

37 

— 

6/80-9/80 

— 

— 

30 

Rangely,    Vater   c/d/ 

Treatment    Plant    c/ 

1980 

15 

(70) 

273 

162 

1979 

22 

(130) 

342 

324 

1978 

57 

57 

285 

T&T 

Rifle,    Third    Ave    c/ 

19  81 

80 

99 

— 

411 

1980   Ale! 

69 

156 

510 

479 

1979 

83 

128 

694 

660 

Rio   Blanco  Tract    h/ 

Site    1      12/79-11/80 

— 

13 

61 

12/78-11/79 

— 

11 

303 

—" 

12/77-11/78 

— 

14 

59 

7/75-1/77 

— 

9 

211 

Site   3      12/79-11/80 

— 

18 

96 

12/78-11/79 

— 

21 

192 

~ — 

12/77-11/78 

— 

26 

160 

" 

2/75-1/77 

— 

15 

281 

Rio    Blanco   e/ 

1975 

— 

13 

111 

— 

1973 

— 

14 

144 

Steamboat    Springs, 

Sixth   St.   c/ 

32 

(155) 

— 

549 

1980 

68 

134 

— 

433 

1979 

62 

118 

518 

450 

Superior    Tract    1/ 

12/76-11/77 


69 

5.9 

11.2 

69 

1.7 

5.9 

24 

3.5 

5.6 

24 

1.1 

1.6 

57 


194 


4 

.70 

1.0 

72 
64 

4.8 

4.4 

9.8 

12.6 

72 
64 

3.£ 

8.4 

30.7 

I. 
4 

.75 
1.0 

1  .0 
1.5 

14 


14 


29 


.01 

.01 


66 


3.6 


12.2 


66 


1.8 


10.6 


.72 


0.5 

1.2 


2 

64 
51 

6.3 

4.0 

16.4 
10.9 

64 
51 

2.0 
1.9 

7.6 
6.7 

4 
3 

.38 


0.4 
0.5 
1.3 


647  — 


.3     ±1 


lndlcat«    violation    of    Ambient    Air    Quality    Standards,    parentheses    indicate    insufficient    data    to 


Note:      Underlined    v.<lurs 
deterrcine   reliable- average. 

a/   Cathedral    Bluffs    Shale   Oil   Company,    1982,    1981    and    19B0. 

T,/    Environmental    Research   4   Technology,    Inc.,    19H2. 

c/   Colorado   Department    of    Health,    1982   and    1981. 

d/    Systems    Applications    Inc,    1982.  / 

~l    i JM.r,i-riv,lr    Consultants:    19R1.  k> 


g/    TRW   Energy    Engineering    Division,     1981. 

h/    Culf    Oil    Corporation,    1981. 

7/    Bureau   of    Land   Management,    1979. 

j/    Concentration   based   on   single    sample. 

VI    Lundy,    19B2. 


probably  due  to  fugitive  dust,  primarily  wind  blown,  which  due  to  its  greater 
mass  settles  relatively  quickly.   Since  fugitive  dust  particulates  are  larger 
than  those  produced  in  combustion  processes,  they  present  a  minimal  inhalation 
health  threat.   The  Environmental  Protection  Agency  may  alter  the  existing  TSP 
regulations  to  reflect  this  difference  by  setting  standards  for  particulates 
less  than  10  to  15  microns  in  diameter,  commonly  called  thoracic  particulates 
and  abbreviated  T,r 

Ozone  levels  in  the  Rocky  Mountain  west  are  relatively  high  but  of  unknown 
origin.   Elevated  concentrations  may  be  a  result  of  long  range  transport  from 
urban  areas,  subsidence  of  stratospheric  ozone,  or  due  to  photochemical 
reactions  with  natural  hydrocarbons.   The  true  reason  for  elevated  ozone 
values  is  uncertain,  however.   Occasional  peak  concentrations  of  CO  and  SOo 
may  be  caused  by  combustion  equipment  near  monitors. 

Class  I  PSD  regulations  also  address  the  potential  for  impacts  to  Air  Quality 

Related  Values  (AQRV).   These  AQRV's  include  visibility,  odors,  and  impacts  to 

flora,  fauna,  soils,  water,  geologic  and  cultural  structures.   A  possible 

source  of  impact  to  AQRV's  is  acid  deposition.   Tables  III-4  and  III-5 

summarize  the  existing  levels  of  visibility  and  acid  deposition  of  the  study 

reg  ion . 

» 

Visibility  impacts  can  occur  from  atmospheric  increases  in  small, 
light-scattering  particles  or  increases  in  light  absorbing  gases  (typically 

NO2) .   Mechanisms  of  acid  precipitation  formation  are  currently  under  study. 
Preliminary  results  have  correlated  ambient  sulfuric  and  nitric  acids  with 
combustion  by-products  (sulfates  and  nitrates). 


TABLE  I I 1-4 


• 

SELECTED  i 

ZISUj 

\L  RANGE 

DATA  (Km)  e/ 

C-a/C-b  a/ 

Chevron 

b/ 

Chevron 

b/ 

Colorado  N.M 

Dinosaur  N.M 

.  Craig,  CO  c 

./ 

Station 

Photographic 

Nephelometer 

Radiometer 

Radiometer  c/ 

Radiometer  c 

/  Radiometer 

Spring  1975-76 

-/lll/- 

i 

1 

Fall  1975-76 

-/147/- 

1 

Spring  1978 

-/127/- 

Fall  1978 

-/129/- 

* 

1 
j 

Spring  1979 

-/124/- 

Summer  197  9 

146/179/242 

1 

Fall  1979 

-/135/-- 

153/192/274 

Winter  1980 

• 

d/ 

Spring  1980 

-/126/- 

e/ 

d/ 

93/142/216 

Summer  1980 

130/176/238 

95/150/238 

104/136/179 

Fall  1980 

-/150/- 

145/197/267 

146/203/283 

96/144/217 

Winter  1983 

-/344/- 

-/180/- 

145/215/317 

d/ 

113/170/258 

* 

Spi  ing  L!  ! 

-/135/~ 

-7200/- 

-/210/- 

d/ 

107/3  66/257 

Summer  19 J 

-12501- 

■71/0/- 

120/166/229 

95/135/192 

94/1  40/20' 

Fall  1981 

-/140/- 

-/200/- 

-/195/- 

d/ 

98/154/241 

a_/   Source:  Gulf,  1981,  and  Stevens,  1982.   Measurements  taken  during  intensive  studies  each 
spring  and  fall  at  an  elevation  of  nearly  2100  m.   Average  of  several  targets. 

b/   Source:   Vertstuyft,  1982.   Radiometer  Measurements  taken  of  Flat  Tops  Wilderness; 

nephelometer  at  an  elevation  of  nearly  2600  m.   Data  is  averaged  quarterly  (i.e.,  winter  is 
January  through  March,  etc.) 

c/   John  Muir  Institute,  n.d.   Measurements  are  taken  daily  of  several  targets  and  adjusted  to 
a  standard  visual  range  elevation  of  1550  m. 

d/   Insufficient  data. 

e/   Data  is  presented  as  10th/50th/90th  percentile  values 
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In  summary,  annual  average  concentrations  (micrograms  per  cubic  meter)  in 
rural  regions  of  the  study  area  range  as  follows:   TSP  10  to  40,  SOo  0.3  to 
3,  and  NO2  2  to  30.   Twenty-four  hour  average  values  range:  SO  to  130  for 
TSP  and  50  to  130  for  SO2.   One  hour  average  concentrations  of  ozone  and  CO 
range  from  118  to  160  and  1000  to  2300  respectively.   Average  lead 
concentrations  vary  from  0.05  to  0.06  quarterly.   Developed  areas  have  nearly 
the  same  values  with  the  following  exceptions:  average  TSP  concentrations 
range  from  80  to  130  annually  and  115  to  440  for  24  hours;  NO2  annual 
average  concentrations  range  from  2  to  50;  average  one  hour  CO  values  may 
reach  20,700;  :   '  vary  from  0.5  to  0.8  quarterly.   Recent 

measured  extremes  appear  in  Tables  III-2  and  IiI-3. 

CLIMATE 

Piceance  Basin  is  located  in  a  semi-arid,  continental  climate  regime, 
characterized  by  dry  air,  sunny  days,  clear  nights,  little  precipitation, 
extreme  evaporation,  and  large  diurnal  temperature  changes.   Because  of  the 
surrounding  mountains,  low  pressure  storm  systems  tend  to  pass  around  the 
region,  whereas  high  pressure  cells  stagnate,  blocked  by  the  Rocky  Mountains, 
resulting  in  moderate  temperatures  and  abundant  sunshine.   The  region's 
complex  topography  causes  considerable  variation  in  site-specific  temperature, 
precipitation,  and  winds,  but  these  influences  are  less  on  the  plateaus  than 
down  in  the  valleys.   Severe  weather  conditions  such  as  tornadoes,  floods, 
damaging  hail,  winds  and  thunderstorms  are  rare. 


\0 


Temperatures  vary  mostly  with  elevation,  and  to  a  lesser  extent,  Local 
microclimate.   Generally,  summer  temperatures  range  from  lows  of  6°C  (45°F)  to 
highs  of  30°C  (85°F).   Winter  temperatures  range  from  -15°C  (5°F)  to  2°C 
(35°F).   Extreme  temperatures  may  fall  as  low  as  -40°C  (-40°F)  or  up  to  38°C 
(100°F).   Frost-free  periods  vary  from  year  to  year  and  by  location,  but  tend 
to  range  from  60  to  150  days. 

Annual  precipitation  in  the  Piceance  Basin  is  highly  variable;  ranging  from  20 
to  60  cm  (8  to  24  inches),  with  slightly  more  than  half  of  the  moisture  coming 
from  scattered  spring  and  late  summer  thundershowers .   Snowfall  amounts  vary 
from  64  to  380  cm  (25  to  150  inches);  snowcover  is  commonly  redistributed  by 
wind.   At  lower  elevations,  limited  data  indicate  evaporation  exceeds 
precipitation,  with  the  driest  conditions  occurring  in  mid-summer. 

Upper-level  winds  predominate  from  the  southwest,  but  surface  wind  patterns 
are  almost  entirely  dependent  on  local  terrain  and  ground  cover.   Persistant 
winds  with  little  directional  modification   re  £  >u  id  on   be  plate   •   ;  t 
winds  in  valleys  show  strong  drainage  influences  (Figure  III-2) .  Synoptic 
(pressure  gradient)  winds  may  be  forced  around  hills  or  channeled  through 
valleys,  but  if  there  are  no  strong  gradient  flows,  diurnal  upslope/downslope 
winds  predominate. 

Upslope  winds  usually  occur  on  sunny  mornings  when  the  air  at  higher 
elevations  heats  rapidly  and  rises.   Downslope  winds  occur  when  the  air  near 
the  ground  cools,  becomes  dense,  and  sinks  downward  along  drainages.   In 
Piceance  Basin,  downslope  winds  are  common  and  stronger  than  their  upslope 
counterparts . 
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10%  15% 


Wind  Rose  of  Annual  700  millibar  (mb)  Winds  at 


o.e.8m/s  3  -  E  m/.  0  ■  3  m/i 


Wind  Rose  of  February  1975  to  January  1 
Ten  Meter  Winds  at  C-a  Site  1,  Plateau 

(Gulf  Oil  Corporation  197G) 


1976  Ten  Meter  Winds  at 


Wind  Rose  of  February  1975  to  January 

C-a  Site  3,  Valley    (Gulf  Oil  Corporat.on  197CI 


Figure  111-2 
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Air  basins  have  been  defined  based  on  these  drainage  winds,  indicating  areas 
of  similar  atmospheric  flow,  topographic  influence  and  general  dispersion 
potential.   Under  stable  conditions,  pollutants  tend  to  collect  and 
concentrate  in  an  air  basin  until  regional  synoptic  winds  disperse  the  air 
between  basins.   Generally,  Piceance  Creek  downslope  winds  flow  into  the  Craig 
Air  Basin  in  the  north  and  the  Roan  or  Parachute  Creek  downslope  winds,  flow 
south  into  the  Colorado  River  Basin  (PEDCO  Environmental  1981). 

The  extent  that  vertical  and  horizontal  mixing  will  take  place  is  related  to 
the  atmospheric  stability  and  mixing  height.   Distributions  of  these  factors 
from  selected  locations  near  the  study  area  are  presented  in  Tables  III-6  and 
III-7.   Unstable  conditions  occur  under  conditions  of  strong  surface  heating, 
typical  of  summer  afternoons,  producing  upslope  winds.   Neutral  conditions 
reflect  a  breezy,  well-mixed  atmosphere.   Stable  conditions  are  enhanced  by 
rapid  radiative  cooling  and  downslope  drainage,  producing  the  least  amount  of 

■.  Lon.  Inversions  may  exist  md  :r  si  ble  conditions,  tr  ,  p  Llutants 
within  a  certain  layer  of  air.  In  the  Piceance  Basin,  moderate  inversions  are 
formed  during  the  summer  in  the  evening  and  dissipate  at  dawn. 

Winter  inversions  are  stronger  and  last  longer;  an  episode  lasting  three  to 
six  days  may  be  expected  (Bureau  of  Land  Management  1976).   Inversions  are 
enhanced  by  weak  pressure  gradients,  cold  clear  nights,  snowcover  and  lower 
elevations . 

GEOLOGY  AND  MINERAL  ACTIVITY 
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TABLE  I I 1-6. 
FREQUENCY  OF  STABILITY  CLASSES  AT  500  METERS  ABOVE  GROUND  LEVEL 


Stat ion/ Seas on 


Morning  (percent) 
Unstable   Neutral   Stable 


Afternoon  (percent) 
Unstable  Neutral   Stable 


Cathedral  Bluffs  Tract 
Annual 


Craig 


Gr  and  J 


Spring 
Summer 
Fall 
Winter 

Annual 

Spring 

Summer 

Fall 

Winter 

Spring 
Summer 
Fall 
Winter 


10 

55 

11 

61 

13 

51 

10 

61 

2 

48 

2 

39 

5 

56 

0 

21 

2 

37 

0 

43 

2 

52 

1 

68 

0 

57 

1 

49 

6 

33 

34 
28 
36 
29 
50 

60 
39 
80 
61 
57 

46 
31 

43 
50 
62 


19 
34 
45 
17 
6 

16 
31 

14 

13 

6 

1 
0 
0 
0 
3 


55 
54 
32 
63 
69 

64 
54 
66 

69 
65 

84 
96 

98 
91 
51 


27 
12 
23 
21 
25 

20 
14 
20 
18 
29 

3  5 

■j 

2 

9 

47 


Source:   Systems  Applications,  Inc.  1982.   Percentages  may  not  add  to  100  percent  due 
to  rounding  errors. 
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TABLE  III-7 
SELECTED  MIXING  LAYER  HEIGHT  DATA 


Station/Season 


Morning  (Meters 
above  g r o und  level) 


Afternoon  (Meters 
above  ground  level) 


Grand  Junction  a/ 

Annual 

Spring 

Summer 

Fall 

Winter 

Rio  Blanco  Tract  b/ 
Annual 
Spring 
Summer 
Fall 
Winter 


384 
628 
307 
273 
329 


450 
935 
179 
196 
290 


2,600 
3,166 
3,940 
2,133 
1,160 


850 


a/   Source:   Systems  Applications,  Inc.  1982 
b/      Source:   Gulf  Oil  Corporation  1976 
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The  following  is  a  discussion  of  the  geology -of  Tracts  C-ll  and  C-38,  and  the 
mineral  resources  estimated  to  occur  under  each  tract.   Mineral  development 
activity  is  currently  taking  place  in  the  area  as  described  in  Chapter  II,  No 
Action  Alternative. 

Structural  Geology  of  Tracts  C-ll  and  C-18 

The  regional  dip  is  to  the  north  in  the  eastern  part  and  to  the  northwest  in 
the  western  part  of  the  area  at  a  rate  of  150  feet  per  mile.   Additional 
information  on  the  structural  geology  of  the  area  is  included  in  the  1973 
Prototype  EIS. 

Figure  II1-3  presents  a  general  stratigraphic  column  of  both  Tracts  C-ll  and 
C-18.   Figure  III-4  is  a  geologic  cross  section  across  Tract  C-ll  and  areas  to 
the  west  (see  Figure  III-5  for  location  of  the  cross-section).   Core  hole 
MIIC-IRI  No.  1  is  located  near  the  southern  boundary  of  Tract  C-18.   Core  hole 
Square  S  No.  1  is  located  one  mile  east  of  the  east  boundary  of  the  tract. 
Figure  III-5a  is  a  map  of  the  surface  geology  in  the  vicinity  of  the  tracts. 
Figure  III-6  is  a  geologic  cross  section  through  the  southeast  quadrant  of 
Tract  C-18  (see  Figure  III-5  for  location  of  the  cross-section). 

Figure  III-5a  shows  the  relationship  of  the  South  Kangely  Syncline  and  Dudley 
Bluffs  Graben  to  the  proposed  lease  tracts.   The  structural  disturbance  of 
surface  outcrops  is  minimal  and  difficult  to  detect  (Multi  Minerals 
Corporation  1981).   No  faults  are  known  to  transect  the  proposed  leases.   The 
Dudley  bluffs  Graben  approaches  the  lease  tracts  from  the  southeast  (Figure 
III-5a)  but  according  to  Duncan  (1976)  the  fault  system  dies  out  near  the 
southeast  corner  of  Tract  C-ll.   The  most  prominent  joint  set  throughout 
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SCALE    1:  50.000 


Figure  111-5     Location  of  Stratiyraphic  Cross  Sections.    Lines  A-A'  and  BB'  Correspond  to  Figure! 
111-4  and  111-6  (Multi  Mineral  Corporation  1981) 
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the  Basin  strikes  west-northwest  wi th  a  secondary  joint  set  striking 
north-northeast.   There  is  a  strong  correlation  between  major  fault  systems 
like  the  Dudley  Bluffs  Graben  and  the  principal  joint  sets  and  fracture 
patterns . 

The  Uinta  Formation  strat igraphically  overlies  the  Green  River  Formation.   It 
varies  from  1,000  feet  to  1,200  feet  in  thickness  and  is  composed  of  four 
major  sandstone-siltstone  units  interbedded  with  three  thin  (30  foot  thick) 
marlstone  tongues  of  the  Green  River  Formation.   Since  the  Uinta  Formation 
contains  no  economic  resources,  it  exists  as  overburden  to  the  oil-rich 
Pa r<  :  !     Cn  '  ;  ;     :  i   Rivei   i    tion. 
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The  Parachute  Creek  Member  has  been  subdivided  into  alternating  units  of  lean 
to  relatively  rieh  kerogen-bearing  strata.   The  Parachute  Creek  is  also 
subdivided  on  the  basis  of  saline  minerals.   A  dissolution  surface  divides  the 
Parachute  Creek  Member  into  two  major  zones  and  the  saline  zone  according  to 
the  presence  or  absence  of  dawsonite,  nahcolite,  and  halite.   The  dissolution 
surface  (see  Figures  III-4  and  III-6)  occurs  in  the  L-5  oil  shale  zone  in  the 
central  part  of  Tract  C-18  but  drops  s tratigraphically  to  the  base  of  the  R-5 
zone  in  the  southeast  part  of  Tract  C-ll.   This  dissolution  surface  marks  the 
lowest  penetration  of  groundwater  into  the  Parachute  Creek  Member. 

The  leached  zone,  the  interval  above  the  dissolution  surface  and  below  the 
upper  two  thirds  of  the  oil  shale  rich  Mahogany  Zone  varies  from  400  to  600 
feet  thick  and  contains  rich  oil  shale  beds  as  well  as  cavities  and  collapsed 
breccias  from  which  nahcolite  and  halite  have  been  dissolved  and  subsequently 
crushed  by  overburden  weight.   Below  the  dissolution  surface,  the  saline  zone 
ranges  from  500  to  1,200  feet  thick,  with  the  thickest  interval  found  in  the 
northeast  quadrant  of  Tract  C-18.   The  saline  zone  is  composed  of  coarse 
aggregate  to  disseminated  nahcolite,  and  bedded  halite  and  nahcolite 
interbedded  with  oil  shales.   The  lower  s tratigraphic  boundary  of  the  saline 
zone  is  located  approximately  50  feet  above  the  Garden  Gulch  Member  of  the 
Green  River  Formation. 

The  Garden  Gulch  Member  averages  150  feet  in  thickness  across  the  area.   It 
consists  mainly  of  lean,  silty  marls  tone  and  non-nahcoli te  bearing  oil  shale. 
The  base  of  the  Garden  Gulch  Member  marks  the  base  of  the  oil  shale  of 
economic  interest  (Multi  Mineral  Corporation  1981). 
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Dawsonite,1  which  is  insoluable  in  groundwater,  is  contained  in  the  lower 
Parachute  Creek  Member.   The  mineral  has  a  greater  lateral  and  vertical 
distribution  than  nahcolite.   It  occurs  as  minute  crystals,  5  microns  or  less 
in  size,  disseminated  throughout  the  oil  shale  matrix  in  the  saline  zone. 
Over  short  intervals,  dawsonite  may  compose  as  much  as  25  percent  of  the  rock 
(Smith  and  Milton  1966),  but  it  usually  comprises  less  than  10  percent  (Young 
and  Smith  19  70). 

Dawsonite  mining  and  recovery  won] d  probably  be  limited  to  zones  containing 
rich  beds  or  abundant  nodules  of  nahcolite.   The  two  minerals  would  be 
sii  ultaneously  extracted  with  the  oil  shale  from  the  saline  zone  by  direct 
mining  or  be  dissolved  and  recrystallized  by  in-situ  mining  as  described  in 
the  Chapter  II,  Development  Scenarios. 

Mineral  Resources  of  Tract  C-ll 

The  proposed  Tract  C-ll  lies  over  the  axis  of  the  South  Rangely  sync  line.   The 
syncline  trends  northwestward  across  the  tract.   The  Mahogany  Zone  dips  at 
approximately  100  feet  per  mile  northeastward  south  of  the  syncline 's  axis  and 
southwestward  north  of  the  syncline 's  axis.   The  Dudley  Bluffs  graben  may 
extend  northwestward  across  the  tract  in  the  subsurface. 

This  oil  shale  sequence  is  not  homogeneous  in  grade  from  top  to  bottom,  but  is 
comprised  of  a  number  of  stratigraphic  zones  of  alternating  rich  and  lean 
shales.   Lean  zones  range  from  10  to  20  gal/ton  in  grade  and  up  to  200  feet  in 
thickness.   The  richer  zones  range  from  20  to  over  30  gal/ton  in  grade  and  are 
from  100  to  225  feet  thick. 
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Important  Oil  Shale  Zones 

Beneath  the  tract,  the  Mahogany  Zone  contains  oil  shale  150  feet  thick  that 
averages  30  gal/ton  in  beds  at  least  10  feet  thick.   This  zone  increases  in 
thickness  westward  across  the  tract  from  approximately  124  feet  near  the 
eastern  margin  to  approximately  154  feet  near  the  western  margin.   In-place 
resources  in  shales  at  least  10  feet  thick  averaging  30  gal/ton  are  about 
300,000  bbls/acre. 

In  the  stratigraphic  lower  part  of  the  Green  River  Formation  (ill  through  R6), 
containing  both  the  leached  and  saline  zones,  oil  shale  averaging  30  gal/ton 
in  beds  at  least  10  feet  thick  is  approximately  750  feet  thick.   In--place 
resources  in  these  shales  are  1,500,000  bbls/acre. 

Tract  C-ll  may  contain  total  in  place  oil  shale  resources  of  approximately 
1,800,000  bbls/acre  (intervals  at  least  10  feet  thick  average  30  gal/ ton). 
The  total  in-place  resource  in  beds  at  least  ten  feet  thick  and  averaging  30 

L/ton  may  be  approximately  9,200,000,000  barrels.   Based  on  direel  mining 
technologies  tested  elsewhere  in  the  basin,  approximately  2,590,000,000 
equivalent  barrels  of  shale  oil  night  be  recovered.   Recovery  estimate  does 
not  include  the  leached  zone,  as  generally  poor  ground  conditions  caused  by 
solution  cavities  and  brecciation  would  severely  limit  application  of  direct 
m  i  n  i  ng  me  t  ho  d  s  . 

Important  Sodium  Zones 

The  stratigraphic  lower  parts  of  the  Green  River  Formation  may  contain 
significant  quantities  of  sodium  resources  (R-5  through  R-3)  in  -the  saline 
zone.   At  least  750,000  tons  of  nahcolite  per  acre  and  at  least  180,000  tons 
of  dawsonite  per  acre  may  be  present  under  Tract  C-ll. 
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Total  sodium  resource  beneath  Tract  C-ll  may  exceed  3,840,000,000  tons  of 
nahcolite  and  922,000,000  tons  of  dawsonite.   Approximately  614,000,000  tons 
of  nahcolite  and  155,000,000  tons  of  dawsonite  may  be  recovered  from  Tract 
C-ll. 

Mineral  Resources  of  Tract  C-18 

Tract  C-18  lies  over  an  extension  of  the  South  Rangely  Syneline.   The  axis 
trends  westward  across  the  tract.   The  Mahogany  Zone  dips  inward  from  the 
margins  of  the  tract  at  about  75  to  100  feet  per  mile.   Numerous  fractures 
have  been  i    'on  the  tract,  but  no  evidence  of  faulting  has  been  observed. 
The  Mahogany  Zone  is  approximately  160  to  180  feet  thick  on  the  tract,  lies  at 
5,200  to  5,300  feet  above  sea  level,  and  averages  25  to  30  gal/ton. 

The  oil  shale  interval  is  not  homogeneous  in  grade  from  top  to  bottom,  but  is 
comprised  of  a  number  of  strat igraphic  zones  of  alternating  rich  and  lean 
shale.   Lean  zones  average  from  10  to  20  gal/ton  in  grade  and  30  to  150  feet 
in  thickness.   Rich  zones  average  from  20  to  over  30  gal/ton  in  grade  and  75 
to  225  feet  in  thickness. 

Sodium  mineralization,  including  the  minerals  nahcolite  and  dawsonite,  occurs 
in  the  saline  zone  interbedded  with  both  lean  and  ricli  oil  shales. 

Important  Oil  Shale  Zones 

In  the  Mahogany  Zone,  oil  shales  yielding  30  gal/ ton  in  intervals  thicker  than 

10   feet    are    141    feet    thick.       In   place    oil    resources   are    approximately   287,000 

bbl/acre. 
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Oil  shales  averaging  30  gal/ ton  in  beds  greater  than  10  feet  thick  are  present 
in  the  Parachute  Creek  Member  of  the  Green  River  Formation  below  the  Mahogany 
Zone  (R-6  Zone)  which  is  approximately  400  feet  thick.   This  part  of  the 
s tratigraphic  section  contains  in  place  resources  of  approximately  213,000 
bbls/acre. 

The  stratigraphically  lowest  part  of  the  Green  River  Formation  (Saline  Zone) 
may  contain  oil  shales  averaging  30  gal/ton  in  beds  10  feet  or  more  thick.   In 
place  resources  in  this  interval  are  approximately  1,500,000  bbls/acre. 

The  tract  contains  total  in  place  oil  shale  resources  of  approximately 
2,000,000  bbls/acre.   Total  resources  in  beds  at  least  10  feet  thick  that 
average  30  gal/ton  with  approximately  10,240,000,000  barrels  under  the  entire 
tract.   Based  on  demonstrated  direct  raining  technologies,  up  to  approximately 
2,297,000,000  equivalent  barrels  of  shale  oil  might  be  recovered  from  the 

i  ict .   As  for  C-ll,  recovery  estimal   :  do  not  Include  production  from  the 
leached  zone  due  to  poor  ground  conditions  that  would  significantly  limit 
application  of  direct  mining  methods. 

Important;  Sodium  Zones 

The  saline  zone  is  divided  into  the  Upper  Salt  and  Lower  Salt  Zones.   The 
Upper  Salt  Zone  contains  dominantly  massive  halite  beds  with  some  nahcolite 
and  ranges  from  30  to  100  feet  in  thickness.   The  Lower  Salt  Zone  averages  20 
feet  in  thickness.   It  contains  thick  nahcolite  beds  and  five  to  ten  foot 
thick  nahcolite  oil  shale  beds.   The  Love  Bod  within  the  L-4  Zone  of  the 
Parachute  Creek  Member  contains  the"  richest  nahcolite  deposits.   Dawsonite 
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occurs  in  bedded  deposits  throughout  the  saline  zone.   Under  Tract  C-18,  the 
Green  River  Formation  may  contain  up  to  800,000  tons  of  nahcolite  per  acre  and 
may  contain  up  to  200,000  tons  of  dawsonite  per  acre. 

Sodium  resources  beneath  C-18  may  be  as  much  as  4,100,000,000  tons  of 
nahcolite  and  1,000,000,000  tons  of  dawsonite.   Direct  mining  might  recover  as 
much  as  564,000,000  ions  of  nahcolite  and  172,000,000  tons  of  dawsonite. 

Mining  and  Processing  Technologies 
Direct  Mining 

'•  '  i  ;''      .    rid  i  ;  ning  for  coal,  trona,  and  other  bedded  soft-rock  deposits 

allows  50  to  75  percent  recovery  rates  within  the  interval  being  mined 
depending  upon  ground  conditions  that  dictate  pillar  strengths  and  maximum 
size  of  stable  mine  openings.   Estimated  oil  shale  recovery  by  rooin-and-pillar 
mining  on  Tract  C-b  according  to  the  detailed  development  plan  (submitted  by 
Ashland  Oil  Company  in  1979)  is  only  30  to  50  percent  of  the  shale  in  a  75 
foot  thick  interval  but  only  about  20  percent  for  the  entire  thickness  of 
potentially  mineable  shale  within  and  about  the  Mahogany  Zone  (see  Figure 
III-7). 

Many  of  the  modern  oil  shale  room-and-pillar  mine  designs  are  patterned  after 
the  design  developed  by  the  U.S.  Bureau  of  Mines.   From  Bureau  studies  it  v/as 
concluded  that  60  foot  rooms  with  60  foot  square  pillars  would  maximize 
resource  recovery,  prevent  subsidence,  and  provide  a  safe  working  place. 
Recoveries  using  this  mine  design  will  approach  70  percent  if  the  full 
thickness  of  the  ore  zone  can  be  mined.   For  additional  information  on  direct 
mining  processing  see  Chapter  II. 
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SOURCE  Hearing  on  Oil  Shale  Leasing  Subcommittee  on  Minerals,  Materials,  and  Fuels 

of  the  Senate  Committee  on  Interior  and  Insular  Affairs. 
94th  Cong.  2d  sess.  Mar.  17,  1976.  p  83 

Figure  III-7        Room  and  Pillar  Mining  on  Multiple  Levels  (Congressional  Office  of  Technology  Assessment  1981) 
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Figure  III-8        Modified  In-Situ  Retorting  (Congressional  Office  of  Technology  Assessment  1981) 
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Mine  Assisted  In- Situ 

In  mine  assisted  in-situ  processing,  the  permeability  of  the  oil  shale  is 
increased  by  mining  about  20  to  40  percent  of  the  oil  shale  from  the  deposit 
on  multiple  mine  levels  and  then  blasting  the  remainder  into  the  mine  voids  to 
create  rubble  filled  chambers.   The  two  step  process  is  illustrated  in  Figure 
III-8.   As  the  retort  is  pyrolyzed,  oil  and  gas  vapors  are  collected  in  a  sump 
at  the  bottom  of  the  retort  and  pumped  to  the  surface,  liine  assisted  in-situ 
technology  has  been  demonstrated  by  Occidental  Oil  Shale,  Inc.  at  their  Logan 
Wash  property  and  at  Tract  C-a  by  Rio  Blanco  Oil  Shale  Company.   Uniform 
fraj   >'■■'<'         '  key  and  di  ffii   Li  to  achieve  requii    •.  ;  for   efficient 

retor'ting.   Integrated  in-situ  technology  for  recovering  shale  oil,  nahcolite, 
alumina  and  soda  ash  has  been  proposed  by  Multi  Mineral  Corporation  for  the 
saline  zone  in  the  Piceance  Creek  Basin  (see  Chapter  II).   Its  overall  oil 
shale  recovery  efficiency  is  similar  to  that  described  above  plus  sequential 
extraction  of  nahcolite  and  alumina.   For  additional  information  on  mine 
assisted  in-situ  see  Chapter  II. 


True  In-Situ 

Geokinetics  has  been  investigating  in-situ  retorting  of  shallow  oil  shale  in 
Utah  since  1973.   True  in-situ  technology  like  that  of  Geokinetics  can  only  be 
applied  to  shallow  shale  deposits  with  less  than  500  feet  of  overburden  and 
will  not  be  considered  for  these  tracts.   However,  Kquity  Oil  Company  in 
cooperation  with  the  Department  of  Energy  has  been  conducting,  true  in-situ 
solution  mining  below  the  Mahogany  Zone  at  depths  of  775  to  1,325  feet  (in  the 
leached  zone).   Here  superheated  steam  is  forced  through  a  system  of  boreholes 
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underground.   The  steam  circulates  through  the  natural  porosity  of  the  leached 
zone  retorting  the  oil  shale.   Shale  oil  is  then  pumped  to  the  surface  through 
s trat igically  located  producer  wells  as  an  oil-water  emulsion  for  surface 
separation.   Problems  of  maintaining  borehole  alignment  and  loss  of  product  to 
the  formation,  currently  render  this  process  quite  inefficient.   For  more 
information  on  true  in-situ  see  Chapter  II. 

TOPOGRAPHY 

Tracts  C-ll  and  C-18  are  located  near  the  depositional  center  of  Piceance 
Basin,  a  1,600  square  mile  elevated  structural  basin.   Within  the  basin  lies  a 
dissected  plateau  with  relief  diminishing  from  south  to  north.   Elevation  in 
the  south  is  more  than  9,000  feet  and  ranges  to  5,000  feet  above  sea  level  at 
the  northern  edge. 

Both  tracts  are  located  on  Bar  D  Mesa,  a  dissected  plateau  with  gently  rolling 
slopes  of  three  to  seven  percent.   Elevation  of  the  tracts  ranges  from  6,1.00 
feet  along  Yellow  and  Piceance  Creeks  to  6,794  feet  on  top  of  the  mesa.   Total 
relief  is  approximately  700  feet.   Drainages  dissecting  into  the  mesa 
generally  range  in  slope  from  14  to  17  percent  on  northern  aspects  to  36  to 
100  percent  on  southern  aspects.   Drainage  of  the  tracts  is  trellis  to 
parallel,  reflecting  the  influence  of  bedrock  jointing.- 

Tract  C-ll  is  located  on  the  southern  aspect  of  Bar  D  Mesa.   The  southeast  and 
northeast  corners  of  the  tract  are  dissected  by  Ryan  Gulch  and  Horse  Draw, 
respectively.   Those  portions  of  the  tract  immediately  on  the  south  sides  of 
those  two  drainages  provide  the  only  predominant  northern  exposure  on  the 


tract.   Being  on  the  south  side  of  Bar  D  Mesa,  C-ll  is  much  more  dissected  hy 
ephemeral  tributary  drainages  (of  Ryan  Gulch  and  horse  Draw)  than  Tract  C-18. 
Tract  C-ll  land  area  is  evenly  divided  between  gentle  slopes  of  three  to  seven 
percent  to  steeply  sloping  hillsides  of  the  tributary  drainages  of  36  to  100 
percent  slopes. 

Tract  C-18  is  located  on  the  northern  aspect  of  Bar  D  Mesa.   This  tract  is 
dissected  by  tributaries  of  Yellow  Creek  that  drain  northward.   The  tract  has 
only  a  small  portion  of  southern  exposure  in  the  far  southeast  corner  of    the 
tract  and  contains  the  upper  portion  of  Horse  Draw.   The  majority  of  Tract 
C-18  '   •  ntly  : i]  >pxng  with  slopes  or  two  to  ten  percent. 

FLOODPLAINS 

Floodplains  within  the  lease  tract  areas  occur  along  Ryan  Gulch  and  Yellow 
Creek.   The  potential  for  flooding  exists  throughout  the  basin,  with  the  major 
events  resulting  from  high  intensity  localized  thunderstorms.   Runoff  from 
these  storms  can  be  quite  high  as  evident  by  a  6,800  cubic  feet  per  second 
(cfs)  instantaneous  discharge  measured  at  Yellow  Creek  near  White  River 
Station  on  September  7,  197  8.   The  US  Army  Corps  of  Engineers  (1982)  has 
analyzed  portions  of  the  Yellow  Creek  and  Ryan  Gulch  floodplains.   Their 
floodplain  delineations  as  shown  in  Figure  III-9  are  based  upon  a  100  year 
floodplain  and  a  minimum  watershed  of  five  square  miles.   The  100  year  flood 
peaks  determined  by  the  Corps  of  Engineers  for  Yellow  Creek  is  6,200  cfs,  and 
for  Ryan  Gulch  is  3,300  cfs  (Hatch  1982). 
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Proposed  Prototype  Oil  Shale  Lease  Tracts 


SCALE    1:50,000 


Figure  111  -0     Extent  of  Flood  plains  of  Ryan  Gulch  and  Yellow  Creek,  Based  Upon  100  Year  Floodplain  Limits 
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The  extreme  northwest  corner  of  Tract  C-18  is  located  immediately  adjacent  to 
and  possibly  in,  the  100  year  floodplain  of  Yellow  Creek.   Ryan  Gulch  runs 
diagonally  through  the  southeastern  part  of  Tract  C-ll.   While  the  drainage 
area  of  Ryan  Gulch  is  quite  small,  the  potential  for  flooding  does  exist. 

ALLUVIAL  VALLEYS 

Alluvial  valleys  are  associated  with  the  major  drainages  in  Piceance  Basin. 
These  are  topographically  low  areas  which  have  a  thick  mantle  of 
unconsolidated  sediments  (colluvium  and  alluvium)  and  receive  additional 
rune";  i  -  Lsture  fro   upl;  nd      s.   This  additional  moisture  and  the  generally 
gentle  slopes  make  some  of  these  alluvial  valleys  suitable  for  subirrigated  or 
flood  irrigated  agricultural  production  (principally  hay  meadows). 

Most  of  the  irrigated  alluvial  valleys  in  Piceance  Basin  are  used  for  hay 
production  which  is  of  vital  importance  to  the  local  livestock  industry.   Hay 
production  makes  it  possible  for  livestock  operators  to  feed  their  herds  when 
no  other  forage  is  available  during  the  winter  months.   Some  alluvial  valleys, 
which  have  not  been  developed  for  agricultural  use,  produce  riparian 
vegetation  which  is  important  to  wildlife. 

On  Tract  C-ll,  Ryan  Gulch  and  Horse  Draw  have  alluvial  valleys  associated 
along  their  lengths  which  occupy  about  580  acres  (11  percent  of  the  tract). 
They  have  not  been  developed  for  agriculture  and  do  not  have  extensive  areas 
of  riparian  vegetation.   On  Tract  C-18,  about  130  acres  (2  percent  of  the 
tract)  of  alluvial  valley  is  found  associated  with  drainages  which  are 
tributary  to  Yellow  Creek.   A  very  small  (5  acre)  portion  of  this  could  be 
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used  for  agricultural  production.   Adjacent  to  the  tracts,  alluvial  valleys 
are  associated  with  Yellow  Creek  and  Piceance  Creek.   Portions  of  these 
alluvial  valleys  have  been  developed  for  agriculture. 

AGRICULTURAL  LANDS 

Agricultural  land  is  all  land  that  produces  agricultural  commodities. 
Agricultural  land  varies  greatly  in  productivity  and  includes  cropland, 
rangeland  and  woodland.   Cropland  is  generally  the  most  productive 
agricultural  land  which  is  periodically  tilled  and  planted  to  a  specific 
economic  plant.   Generally,  cropland  is  harvested  by  mechanical  means. 
Cropland  in  Rio  Blanco,  Garfield  and  Mesa  Counties  may  or  may  not  be 
irrigated.   Rangeland  is  agricultural  land  that  is  generally  less  productive 
than  cropland.   Rangeland  is  rarely  tilled  and  most  production  is  from  native 
perennial  plants.   Generally,  rangeland  is  harvested  by  livestock.   In  this 
area,  rangeland  is  important  wildlife  habitat  as  well.   For  the  purposes  of 
this  discussion,  woodland  Ls     :>  led  as  a  portion  of   angel  md  be  luse 
for  grazing  animals  is  an  economically  and  biological ly  important  product  of 
woodlands  . 

In  this  area,  livestock  production  is  the  primary  agricultural  activity.   Most 
cropland  is  used  to  produce  winter  feed  for  livestock,  while  rangelands  are 
used  during  the  spring,  summer  and  fall.   Therefore,  the  dominant  agricultural 
activity  depends  upon  the  availability  of  both  cropland  and  rangeland  (see 
Chapter  III,  Vegetation-Grazing). 
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Based  on  acreage  planted  in  1979  and  conversations  with  local  Soil 
Conservation  Se.rvice  officials,  the  following  amounts  of  cropland  are 
estimated  to  be  available  in  the  area: 

Rio  Blanco  County  —  68,500  acres 
Garfield  County  —  98,600  acres 
Mesa  County  —  84,500  acres 

No  croplands,  prime  farmlands  or  unique  farmlands  are  present  within  the  tract 
boundaries  (SCS  1982).   The  only  agricultural  use  of  the  tracts  is  grazing  of 
rc>.      Lands.   However,  irrigated  pasture  land  and  hayland  of  statewide 
importance  occurs  in  adjacent  off-tract  locations  within  the  drainages  of 
Piceance,  Black  Sulphur  and  Yellow  Creeks,  and  the  White  River.   Prime 
farmlands  are  also  located  in  scattered  segments  along  Piceance  Creek  from 
Hunter  Creek  to  Dry  Fork,  and  along  the  White  River  from  Meeker  west  through 
Powell  Park.   No  unique  farmlands  are  present  within  Rio  Blanco  County. 

Agricultural  lands  of  particular  importance  in  Mesa  County  are  the  10,000 
acres  of  orchard  lands  considered  prime  farmland  by  the  Soil  Conservation 
Service. 


SOILS 


Introduction 

The  soils  within  the  tracts  were  mapped  to  Order  III  by  the  Soil  Conservation 
Service  (Soil  Survey  of  Rio  Blanco  County,  USDA  SCS,  in  press).   Location  of 
Soil  Mapping  Units  are  shown  on  Figure  3  11-10. 
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Proposed  Prototype  Oil  Shale  Lease  Tracts 


SCALE    1:  50,000 


Figure  111*10    Soil  and  Range  Sites  of  ["racta   M1andC-13 
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This  Order  III  soil  survey  was  mapped  on  a  base  of  1:24,000.   The  minimum 
sized  cartographic  unit  at  this  scale  is  about  six  acres  in  size.   Mapping 
units  are  not  taxonbmically  pure;  soils  other  than  the  named  soil  will  occur 
within  the  map  unit.   These  other  soils  are  called  inclusions  and  are 
generally  not  of  large  extent.   This  soil  survey  was  designed  to  provide 
rangeland  interpretations  and  a  base  for  land  use  planning.   It  is  adequate 
for  these  uses,  however  development  of  a  detailed  mine  plan  would  require  a 
more  detailed  soil  survey  designed  to  provide  specific  interpretations  for 
engineering  and  reclamation. 

3?1  ase  soils  are  generally  cold  (mean  annual  soil  temperature  of  less  than 
8°Centigrade)  and  are  dry  a  large  portion  of  the  time  that  soil  temperatures 
are  warm  enough  for  plant  growth. 

Soil  Descriptions 

The  following  is  a  technical  description  of  some  characteristics  of  the  soil 

map  units  shown  in  Figure  111-10  by  their  topographic  location. 

Sideslope  Soils 

Two  map  units  have  been  identified  on  sideslope  positions.   Unit  63  is  Rentsac 
channery  sandy  loam,  5  to  50  percent  slopes.   (Channery  indicates  the  soil 
surface  has  between  15  and  35  percent  by  volume  of  gravel  or  cobble  sized  rock 
fragments  (channers)  that  are  much  smaller  in  one  dimension  than  in  the  other 
two  dimensions.   A  channer  is  a  small  flagstone.)   Unit  RT  is  a 
Torriorthent  s-l'ock  Outcrop  Complex  which  is  excessively  drained,  gravelly 
cobble  on  15  to  90  percent  slopes. 
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Rentsac  soils  are  less  than  20  inches  deep  to  hard  bedrock  and  are  dor.iinantly 
very  channery  sandy  loam  in  texture.   Torriorthents-Rock  Outcrop  complex  is  an 
intricately  intermixed  grouping  of  weakly  developed  soils  (about  60  percent  of 
the  unit)  and  rock  outcrop  (about  40  percent  of  the  unit). 

Bottomland  Soils 

Three  map  units  have  been  identified  in  bottomland  positions.   Unit  75  is 
Barcus  channery  loamy  sand,  2  to  8  percent  slopes.   Unit  41  is  Glendive  fine 
sandy  loam,  2  to  15  percent  slopes.   Unit  38  is  Havre  loam,  0  to  3  percent 
slopes.   These  soils  are  all  receiving  sediment  more  rapidly  than  they  are 
forming  diagnostic  horizons.   All  of  these  soils  are  at  least  60  inches  thick. 

Barcus  soils  are  dominantly  channery  sand  or  channery  loamy  sand  in  texture 
and  somewhat  excessively  well  drained.   Glendive  soils  are  dominantly  fine 
sandy  loam  in  texture  and  well  drained.   Havre  soils  are  dominantly  loam  and 
1      Lay  loam  in  texture.        soils      itri   ;ly  alkaline  belcw  a  tepth 
of  about  2  5  inches. 

Upland  Soils 

Five  map  units  have  been  identified  on  upland  positions.   Unit  71C  is  Forelle 
loam,  3  to  S  percent  slopes.   Unit  70  is  Piceance  fine  sandy  loam,  5  to  15 
percent  slopes.   Unit  66  is  the  Redcreek-Rentsac  complex,  5  to  30  percent 
slopes.   Unit  X63  is  the  Reritsac-Piceance  complex,  2  to  30  percent  slopes. 
Unit  73  is  Yamac  loam,  2  to  15  percent  slopes. 
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Forelle  soils  and  Yamac  soils  are  dominantly  loam  and  clay  loam  in  texture, 
are  well  drained,  and  are  about  60  inches  thick.   Piceance  soils  arc 
dominantly  sandy  loam  and  loam  in  texture,  are  well  drained,  and  are  20  to  40 
inches  thick  over  hard  bedrock.   The  Redcreek-Rentsac  complex  is  an 
intricately  intermixed  grouping  of  Redcreek  soils  (about  60  percent  of  the 
unit)  and  Rentsac  soils  (about  30  percent  of  the  unit).   Redcreek  soils  are 
dominantly  sandy  loam  in  texture,  are  well  drained,  and  less  than  20  inches 
thick  over  hard  bedrock.   Rentsac  soils  are  similar  to  those  Rentsac  soils 
which  have  been  previously  described.   The  Rentsac-Piceance  complex  is  an 
intricately  intermixed  grouping  of  Rentsac  soils  (about  60  percent  of  the 
unit)  and  Pi<       Soi]  :  (about  30  percent  of  the  unit).   These  soils  are 
similar  to  the  Rentsac  soils  and  Piceance  soils  which  have  been  previously 
described . 

Soil  Moisture 

In  the  semiarid  environment,  water  limits  plant  growth.   In  this  environment, 
the  ability  of  a  soil  to  hold  moisture  is  at  least  as  important  as  nutrient 
availability.   Finer  textured  soils  (loams  and  clay  loams)  are  more  effective 
at  holding  moisture  than  coarser  textured  soils  (sandy  loams,  channery  sandy 
loams,  and  very  channery  sandy  loams).   Soils  on  steep  slopes  will  generate 
more  runoff  than  gently  sloping  soils.   This  runoff  is  not  available  to  plants 
on  the  site  from  which  it  runs  off,  however  bottomland  soils  receive 
additional  moisture  from  runoff.   Because  of  these  soil  moisture 
relationships,  the  bottomland  soils  are  more  productive  than  are  the  sideslope 
or  upland  soils  as  the  bottomland  soils  have  more  moisture  than  is  available 
from  precipitation.   The  upland  soils  are  more  productive  than  the  sideslopes 
because  they  generate  less  runoff  than  the  sideslope  soils.   Also  these  upland 
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soils  are  generally  of  a  finer  texture  and  are  more  effective  at  holding 
moisture  than  are  the  sideslope  soils. 

Soil  Erosion 

Soil  erosion  is  controlled  by  many  factors  including  climate,  plant  cover, 
length  and  steepness  of  slope,  inherent  erodibility  of  the  soil  and  land  use. 
Of  these  factors,  land  use  and  plant  cover  are  most  directly  under  human 
control.   By  reducing  plant  cover  or  changing  land  use,  management  can 
accelerate  erosion  above  natural  rates.   This  can  cause  reduction  in 
productivity  of  the  eroded  site  and  downstream  sedimentation  problems.   The 
weighted  average  erosion  rate  for  Tract  C-ll  is  3.4  tons  per  acre  per  year  and 
for  Tract  C-18  is  2.8  tons  per  acre  per  year  using  the  universal  soil  loss 
equation  (USDA  1978).   This  is  an  estimate  of  sheet  and  rill  erosion.   These 
soil  loss  estimates  cannot  be  directly  converted  to  sediment  yields  because 
they  do  not  include  gully  or  channel  erosion  nor  do  they  account  for 
deposition  of  material  prior  to  its  entrance  to  perennial  water  courses  (see 

itfii'  III,  Hyi Irology) .   Table   I  ;  ■  s ;  ■  \   I  estimated  erosion 

rates  by  soil  map  unit  for  the  oil  shale  lease  tracts. 

HYDROLOGY 

Very  little  site-specific  water  resource  data  has  been  collected  on  Tracts 
C-ll  and  C-18.   In  contrast,  there  has  been  a  considerable  amount  of  wa  ter 
resource  data  collected  in  the  basin,  with  a  majority  being  collected  around 
the  existing  prototype  least  tracts. 
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TABLE  I I 1-8 
SOIL  MAP  UNIT  ACREAGE  AND  EROSION  RATES 


Tract  C-ll 

Tract  C-18 

1/      Soil  Loss  2/ 

1/      Soil  Loss  2/ 

Soil  Map  Unit 

Acres      Tons /Acre /Year 

Acres      Tons /Acre /Year 

7  5  -  Barcus  350  0.15  20  0.15 

71C  -  Forelle  —  —  20  0.09 

41  -  Glendive  230  0.08  100  0.08 

38  -  Havre  —  —  10  0.01 


0.15 

20 

- 

20 

0.08 

100 

- 

10 

0.4 

550 

2.1 

230 

4.6 

2,470 

70  -  Ficeance  300  0.4  550  0.4 

66  -  Redcreek/Rentsac   650  2.1  230  2.1 

63  -  Rentsac  2,420  4.6  2,470  4.6 
X63  -  Rentsac/ 

Piceance  —  —  70  2.0 
RT  -  Torriorthents/ 

Rock  Outcrop  1,020  4.7  350  4.7 

73  Yamac  150  0.4  1,300  0.4 


1/      Acreage  numbers  have  been  rounded  to  the  nearest  ten  acres. 

2/   Estimates  generated  by  the  universal  soil  loss  equation  (USDA  1978) 
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The  following  is  a  brief  description  of  the  water  resources  of  the  Piceance 
Basin  as  a  whole,  with  site  specific  data  presented  where  available.   Unless 
noted  otherwise,  most  of  the  following  data  describing  the  groundwater 
resources  of  the  Basin  were  obtained  from  Weeks  et  al  (1974). 

Groundwater  Quantity 

Groundwater  occurs  throughout  Piceance  Basin.   The  principal  water  bearing 
strata  within  the  basin  are  the  Uinta  and  Green  River  Formation  (see  Figure 
III-ll)  with  the  Green  River  Formation  being  the  most  important.   The 
groundwater  system  within  the  Piceance  Basin  is  highly  fractured  and  extremely 
complex.   For  description  purposes,  the  aquifer  system  can  be  considered  to  be. 
divided  into  an  upper  and  lower  aquifer.   These  two  systems  are  separated  by  a 
less  permeable  oil  shale  rich  zone  known  as  the  Mahogany  Zone.   Estimates  of 
groundwater  storage  of  the  basin  range  up  to  2  5  million  acre  feet, 
(International  Engineering  Company  Inc.  1931). 

;  I  ;  -'i.hin  the  upper  aquifer  yield  as  much  as  300  ,  il/  i      •  j'-,[   ',;  of 
less  than  100  gal/min  are  more  common.   Transmissivities  in  the  Piceance  Basin 
range  from  8  to  1,000  ft2/day,  and  average  668  ft2/day  on  Tract  C-18 
(Ilulti  Minerals  Corporation  1932).   The  average  depth  to  water  in  the  upper 
aquifer  at  both  C-ll  and  C-18  is  approximately  300  ft. 

The  upper  and  lower  aquifers  are  separated  by  a  relatively  impermeable  stratum 
known  as  the  Mahogany  Zone.   The  Mahogany  Zone  is  locally  fractured,  and 
permits  same  degree  of  vertical  exchange  of  water  between  the  aquifers.   The 
vertical  hydraulic  conductivity  has  not  been  adequately  determined,  but 
■  (timates  place  it  as  large  as  0.37-  feet  per  Jay  (Weeks  et  al  L974).   However, 
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the  Mahogany  Zone  in  Tracts  C-l 1  and  C-18  is  located  in  a  transition  zone 
between  recharge  and  discharge  areas  of  the  upper  and  lower  aquifers  with  near 
equal  hydraulic  head  pressure. 

Wells  developed  within  the  lower  aquifer  yield  as  much  as  1,000  gal/min,  but 
200  to  400  gal/min  is  more  typical.   Based  on  limited  testing,  the 
t ransmissivi ties  of  the  lower  aquifer  within. the  proposed  lease  tracts  are 
less  than  those  of  the  upper  aquifer  and  averages  320  ft^/day  (Multi 
Minerals  Corporation  1982).   This  is  not  generally  the  case  throughout  the 
basin.   Basin  wide,  the  transmiss ivities  of  the  lower  aquifer  range  from  8  to 
1,670  ft-2/day  and  are  usually  greater  than  the  upper  aquifer. 

Alluvial  aquifers  are  also  present  within  the  basin.   The  areal  extent  of 
these  aquifers  is  limited  to  the  valley  bottoms  along  the  major  creeks.   The 
total  available  water  in  the  alluvial  system  is  small  compared  to  the  other 
aquifers,  however,  the  alluvial  system  acts  as  the  interface  between 
i  ..■   -■..  ,  i  unof  f ,  a  d   .  iund  . .  :  \      '  '•       harge. 

Recharge  to  the  aquifer  system  occurs  primarily  from  snowmelt  in  the  upper 
elevations.   In  the  area  of  recharge,  part  of  the  water  moves  from  the  upper 
aquifer  through  the  Mahogany  Zone  to  the  lower  aquifer  (Weeks  et  al  1974). 
Groundwater  flow  is  generally  from  the  recharge  areas  at  the  basin  margins  to 
the  discharge  areas  in  the  north  central  portion. 

Groundwater  outflow  from  the  system  basin~wide  is  upward  from  the  lower 
aquifer  through  the  Mahogany  Zone  to  the  upper  aquifer.   Water  is  then 
discharged  to  the  streams  from  the  upper  aquifer  through  the  alluvium  or 
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springs.   Groundwater  is  lost  from  the  basin  by  evapotranspiration  or 
discharge  from  Piceance  and  Yellow  Creeks.   According  to  Weeks  et  al  (1974), 
no  significant  amount  of  groundwater  discharges  to  the  White  River  directly 
from  the  Green  River  Formation,  except  through  Piceance  and  Yellow  Creeks. 

Current  use  of  groundwater  within  the  basin  is  minimal.   Groundwater  discharge 
accounts  for  over  half  the  base  flow  in  the  major  basin  drainages  and  is 
indirectly  the  primary  source  of  water  for  hay  meadow  irrigation  and  animal 
use  along  the  major  drainages.   Other  groundwater  uses  are  for  domestic  and 
livestock  watering  wells.   There  are  numerous  springs  and  seeps  which  supply 
ter  for  livestock  ;■:   I  wi]  lid  fi  -   Because  of  the  large  number  of  springs  in 
the  basin,  the  reader  is  referred  to  a  report  prepared  for  the  U.S.  Geological 
Survey  by  the  Colorado  State  Engineer  entitled  Piceance  Basin  Spring 
Hydraulics  Investigation. 

Groundwater  Quality 

The  groundwater  quality  of  Piceance  Basin  varies  between  aquifers,  and  also  by 
location.   In  general,  water  in  the  upper  aquifer  is  of  better  quality  than 
the  lower  aquifer.   In  addition  the  groundwater  in  the  recharge  areas  is   of 
better  quality  than  the  discharge  areas. 

The  water  in  the  upper  aquifer  may  be  classified  as  a  sodium  bicarbonate  type. 
Dissolved  solid  concentrations  for  the  upper  aquifer  vary  from  400  milligrams 
per  liter  (mg/1)  to  2,000  nig/1.   Calcium,  magnesium  and  sulfate  concentrations 
in  the  upper  aquifer  are  greater  than  the  lower.   Water  quality  samples 
obtained  from  the  upper  aquifer  in  the  vicinity  of  the  proposed  lease  tracts 
have  total  dissolved  solid  concentrations  which  vary  from  612  to  1020  mg/1 
(Multi  Minerals  Corporation  1982). 
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The  total  dissolved  solids  of  the  lower  aquifer  vary  from  500  mg/1  to  nearly 
40,000  mg/1.   Dissolved  solids  concentrations  of  63,000  mg/1  have  been 
reported  from  a  sample  obtained  from  the  high  resistivity  zone.   Samples 
obtained  by  the  USGS  from  the  lower  aquifer  on  Tract  C-18  have  dissolved  solid 
concentrations  which  vary  from  650  to  9,610  mg/1,  with  all  but  this  high  value 
being  in  the  1,000  mg/1  range.   The  maximum  TDS  concentrations  obtained  from 
the  lower  aquifer  after  seven  days  of  pumping  was  1,040  mg/1  (Multi  Minerals 
Corporation  1982).   These  results  indicate  that  there  is  not  a  great 
difference  in  salinity  between  the  upper  and  lower  aquifer  in  the  area  of  the 
lease  tracts.   The  lower  aquifer  water  can  be  classified  as  a  sodium 
bicarbonate  type. 

Throughout  the  basin,  the  lower  aquifer  has  a  much  higher  concentration  of 
fluoride  than  the  upper  aquifer.  The  fluoride  concentrations  in  the  lower 
aquifer  are  worth  noting.   The  average  fluoride  concentration  for  2  7  wells 

p.l  id  in  the  Basin  i  i  28  mg/1.   Lt  Ls  •:■:  :  •  to  tave  '.on  i  Lons 

greater  than  10  mg/1.   Wells  sampled  in  the  lower  aquifer  for  the  period  1974 
to  1976  had  average  fluoride  respectively.   The  range  for  these  averages  were 
0.3-85  mg/1  for  C-a  and  4-48  mg/1  for  C-b  (Fox  1980).   Fluoride  concentrations 
obtained  from  well  TH75-6B  located  on  Tract  C-18  range  from  12-26  mg/1  (Multi 
Minerals  Corporation  1982). 

The  concentration  of  some  trace  elements  within  the  lower  aquifer  are  great 
enough  to  be  of  environmental  concern.  Concentrations  of  barium,  boron  and 
lithium  are  consistently  high  in  the  northern  part  of  the  bis  in,  indicating 
that  minerals  of  these  elements  may  be  associated  wi.th  the  nahcolite  and 
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halite.   Concentrations  of  barium  exceed  drinking  water  standards  in  7  out  o  ? 
11  wells  sampled  by  Weeks  et  al.   Samples  taken  from  well  TH75-6B  have 
dissolved  boron  and  barium  concentrations  of  2,900  and  300  micrograms  per 
liter  respectively.   Boron  concentrations  in  excess  of  3,000  micrograms /liter 
are  toxic  to  most  plants.   A  maximum  of  1,000  micrograms/liter  of  barium  is 
recommended  for  drinking  water  (Weeks  et  al  1974). 

Surface  Water  Quantity 

The  White  River  which  drains  the  study  area  is  tributary  to  the  Green  River,  a 
tributary  to  the  Colorado  River.   Piceancc  and  Yellow  Creeks,  the  two  major 
drainages  of  the  Piceance  hydrologic  basin,  are  tributaries  to  the  White 
River.   The  proposed  lease  Tracts  C--11  and  C-18  are  located  between  Piceance 
and  Yellow  Creeks,  and  drain  into  them. 

The  primary  source  of  streamflow  to  both  Piceance  and  Yellow  Creeks  is 
groundwater  discharge.   Recharge  of  the  groundwater  system  is  principally  from 
snowme.lt.   Precipitation  accumulates  during  the  months  of  November  through 
March  at  higher  elevations  (greater  than  7,000  ft.)  and  produces  a  period  of 
high  recharge  and  high  streamflow  beginning  in  March  to  April  and  continues 
through  June  or  July.   Annual  precipitation  in  the  lease  tract  area  is 
approximately  13  in/year.   Streamflow  for  the  remainder  of  the  year  is 
maintained  almost  totally  by  groundwater  discharge,  with  approximately  80 
percent  of  streamflow  in  the  basin  being  supplied  by  groundwater  (Weeks  et  al 
1974).   Because  evapotranspiration  rates  are  extremely  high  during  the  summer 
months,  only  high  intensity  thunderstorms  produce  any  significant 
contributions  to  summer  streamflows. 


48 


TABLE  III-9 
CHARACTERISTICS  OF  MAJOR  STREAMS 


White  River    Piceance  Creek    Yellow  Creek 
Characteristics Near  Ouray,  UT   at  White  River   Near  White  River 


Drainage  Area  (Square  miles) 
Average  Annual  discharge  (cfs)  1/ 
Maximum  Daily  Discharge  (cfs)  1/ 
Minimum  Daily  Discharge  (cfs)  1/ 
Average  Daily  discharge  (cfs)  1_/ 
Maximum  Instantaneous 

discharge  (cfs)  1/ 
1980  Sediment 

Discharge  (tons)  2/ 
Maximum  Daily  Sediment 

Discharge  (tons /day)  1_/ 
Minimum  Daily  Sediment 

discharge  (tons/day)  1/ 
Maximum  T'DS  (milligrams 

per  liter)  1980  2/ 
Minimum  TDs  (milligrams 

per  liter)  1980  2/ 


5,120 

652 

262 

241,880 

10,518 

660 

4,200 

186 

500 

110 

0. 

70 

0 

662 

28. 

8 

1.81 

4,260 

628 

6,800 

2,046,110 

56,115 

12,495 

268,000 

2,900 

290,000 

0. 

69 

0. 

10 

0 

702 

1,710 

2,090 

261 

731 

489 

1/   For  the  period  1975-1980. 
2/   1980  water  year. 

;   USGS  '  '".  '  !     ce  )afca 
Conversion:   cfs  x  1.9835  =  acre  feet. 
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Table  IIT.-9  is  a  tabulation  of  the  major  streamflow  characteristics  of  the. 
area.   The  White  River  near  Ourays  Utah  streamflow  station  is  close  to  the 
confluence  of  the  White  and  Green  Rivers.   The  drainage  area  of  this  station 
is  approximately  5,120  square  miles.   The  average  annual  discharge  for  the 
1975  to  1980  water  year  is  241,880  cubic  feet  per  second  (cfs)  (480,000 
acre-feet).   Average  daily  discharge  for  the  period  of  record  is  662  cfs  with 
a  daily  minimum  and  maximum  of  110  and  4,200  cfs  respectively.   In  addition,  a 
long-term  (1923-1977)  gage  record  on  the  White  River  near  Watson,  Utah  shows 
that  the  average  annual  flow  is  693  cfs  (502,100  acre-feet)  with  extremes  of 
flow  ranging  from  11  cubic  feet  per  second  (December  1972)  to  8,160  cubic  feet 
per  second  (July  1929).   The  average  flow  of  the  White  River  above  Rangely  was 
475,300  acre-feet  for  the  period  1972-1980. 

The  drainage  area  of  Piceance  Creek  is  652  sq.  mi.  which  is  13  percent  of  the 
White  River  basin.   Average  annual  flow  of  the  Piceance  Creek  at  the  \Jliite 
River  steamflow  station  is  10,518  cfs  (20,862  acre  feet),  (6  year  record)  or 
about  4  percent  of  the  average  annual  flow  of  the  White  River.   Minimum  and 
maximum  daily  discharges  for  the  period  1975-1980  are  0.70  and  186  cfs 
respectively.   Maximum  instantaneous  peak  flow  for  Piceance  Creek  was  628  cfs. 

Yellow  Creek  is  the  smaller  of  the  two  streams  within  the  Piceance  hydrologic 
basin.   The  drainage  area  measured  at  the  Yellow  Creek  near  White  River 
streamflow  station  is  262  sq.  mi.   Average  annual  discharge  is  660  cfs  (1,309 
acre  feet)  with  a  maximum  daily  flow  of  500  cfs.   A  flood  peak  of  6,800  cfs 
occurred  during  1978.   As  can  be  seen  from  Table  III-9,  Yellow  Creek  has 
experienced  a  few  short  periods  of  no  flow. 
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Surface  Water  Quality 

The  surface  water  quality  of  both  Piceance  and  Yellow  Creeks  can  be  classified 
as  a  mixed  bicarbonate  type  in  the  upper  reaches,  and  a  sodium  bicarbonate  in 
the  lower  reaches.   The  concentration  of  dissolved  solids,  fluoride  and  sodium 
increase  in  the  downstream  direction.   Irrigation  return  flows, 
evapotranspiration ,  and  groundwater  discharge  from  both  the  Uinta  and  Green 
River  formations  are  the  main  cause  of  the  water  quality  degradation  in 
Piceance  Creek.   Increases-  in  the  water  quality  constituents  for  Yellow  Creek 
are  attributed  primarily  to  groundwater  inflows. 

Total  dissolved  solid  (TDS)  concentrations  for  both  Piceance  and  Yellow  Creeks 
vary  substantially  with  streamflows.   When  streamflows  are  high,  (snowmelt 
periods)  TDS  concentrations  are  the.  lowest.   The  increases  in  TDS  during  low 
flow  conditions  are  good  indications  of  the  discharging  of  groundwater  to  the 
streamflows  of  both  Piceance  and  Yellow  Creeks.   Table  III-9  displays  the 
maximum  and  minimum  TDS  in  mg/1  for  Piceance  and  Yellow  Creeks  for  the  water 

0,  for  the  days  sampled.   Yellow  Creek  hjs  a  TDS  range  of  489  to  2,090 
mg/1,  while  Piceance  Creek  varies  from  731  to  1,710  mg/1.   The  total  dissolved 
solids  of  the  White  River  are  much  lower  than  the  water  it  receives  from  both 
Piceance  and  Yellow  Creeks  due  to  a  dilution  effect  caused  by  better  quality 
upstream  water  on  the  main  stem.   Total  dissolved  solids  measured  at  the  White 
River  near  Ouray  station  vary  from  a  minimum  of  261  mg/1  to  a  maximum  of  702 
mg/1. 

Sediment  yields  from  Piceance  and  Yellow  Creeks  are  quite  high.   The  annual 
sediment  yield  of  Piceance  Creek  for  water  year  1980  were  56,115  tons  (86 
tons/square  mile),  (Table  III-9).   Extremes  for  the  period  L976-80  vary  from  a 
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daily  minimum  of  0.10  tons  to  a  daily  maximum  of  2,900  tons.   Daily  extremes 
for  Yellow  Creek  for  the  same  period  of  record  vary  from  0  to  290,000  tons. 
This  was  an  extreme  event  which  occurred  on  September  7,  1978,  and  corresponds 
with  the  maximum _ discharge  for  Yellow  Creek.   The  event  was  a  result  of  a  high 
intensity  localized  thunderstorm  which  occurred  in  the  lower  portion  of  the 
basin  (Kircher  1982).   Annual  sediment  yields  for  Yellow  Creek  for  the  water 
year  1980  were  12,495  tons  (48  tons/square  mile).   Sediment  yields  for  the 
White  River  as  measured  near  the  Ouray,  Utah  station  are  2,046,110  tons/year 
(400  tons/square  mile)  for  water  year  1980.   Sediment  yields  for  the  White 
River  range  from  0.69  to  268,000  tons/day  for  the  1975-80  period. 

VEGETATION 

Types 

The  major  vegetation  types  in  the  White  River  Resource  Area  are  pinyon- juniper 
(33  percent),  sagebrush  (31  percent),  mountain  shrub  (15  percent),  waste  land 
(8  percent),  grassland  (3  percent),  greasewood  (3  percent),  and  saltbrush  (4 
percent).   These  vegetation  types  occur  on  approximately  1.5  million  acres  of 
land.   In  discussing  the  oil  shale  lease  tracts  these  vegetation  types  will  be 
described  in  terms  of  range  sites  developed  by  the  Soil  Conservation  Service 
(SCS  1978). 

The  area  being  considered  for  oil  shale  leasing  consists  of  foothill  swale 
range  sites;  rolling  loam  range  sites;  rocky  and  mountain  pinyon- juniper 
woodland  sites;  and  a  broadly  defined  group  of  soils,  which  support  sparse 
pinyon- juniper  and  sagebrush  overstory.   No  riparian  vegetation  or  wetland 
habitats  are  known  to  exist  within  the  tract  boundaries. 
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Most    of    the    foothills    swale    site    exists    in    Ryan   Gulch.      The    side    slopes 
between   Ryan   Gulch    and    the    top    of    the   mesa. consist    of    rocky   pinyon- juniper 
woodland    sites,    and    sparse   overstories    of    pinyon- juniper    and    sagebrush   on 
broadly   defined    soils.      The    top    of    the   mesa   consists    of    rolling    loam    range 
sites   and    rocky   and   mountain    pinyon- juniper   woodland    sites    (Figure   111-10). 

Range    sites    in   Tract    C-ll   occur    in    the    following    percentages: 

Foothills    swale  10 

Rolling    loam  20 

Rocky    Pinyon-Juniper  3.5    (300   acres    chained) 

Broadly   defined    group  10 

Mountain    Pinyon-Juniper  25    (400   acres    chained) 

Range    sites    in    the    C-18   Tract    occur    in    the    follox-zing    percentages: 

Foothills    swale  2 

Rolling    Loam  33 

Rocky    Pi  nyon-Juui  per  35 

Broadly   defined    group  5 

Mountain    Pinyon-Juniper  25      (500   acres    chained) 

These    range    sites    are    discussed    below   based    on    the    present    plant    community 
species    and    production. 

Foothills    Swale 
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This  range  site  is  a  shrub  community  with  a  fair  understory  of  grasses  and 
forbs.   The  principal  plant  species  consist:  of  western  wheatgrass, 
needle-and-thread ,  bluegrass,  and  a  variety  of  annual  forbs  with  a  moderately 
dense  overstory  of  big  sagebrush  and  greasewood.   Composition  by  weight  of 
annual  production  for  grasses,  forbs  and  shrubs  is  approximately  49,  11  and  40 
percent,  respectively.  .  Estimated  ground  cover  is  25  to  30  percent.   This  site 
is  presently  producing  approximately  700  lbs/acre  of  herbage  annually. 

Rolling  Loam 

This  range  site  is  a  moderately  dense  stand  of  shrubs  with  a  sparse  understory 
of  forbs  a^:p  ,   sses.   The  principal,  plant  species  are  western  wheatgrass, 
needle-and-thread ,  bluegrass,  and  a  variety  of  forbs,  with  an  overstory  of  big 
sagebrush,  greasewood  and  scattered  juniper  stands.   Estimated  ground  cover  is 
20  to  25  percent.   This  site  is  presently  producing  350  lbs/acre  of  herbage 
annually . 

Mountain  Pi nyon- Juniper 

This  range  site  is  a  pinyon- juniper  woodland  situation  with  sparse  grass,  forb 
and  shrub  production.   The  principal  plant  species  are  Sandberg  bluegrass, 
slender  wheatgrass,  western  wheatgrass,  big  sagebrush  and  bit terbrush .   The 
overstory  is  again  dominated  by  juniper  with  scattered  pinyon.   Vegetation 
ground  cover  is  between  10  and  15  percent.   Tree  canopy  cover  can  range  from 
70  to  80  percent.   The  average  annual  herbaceous  production  is  300  lbs/acre. 

Approximately  900  acres  of  this  range  site  has  been  chained.   The  present- 
plant  community  in  the  chained  area  is  western  wheatgrass,  needlegrass,  Indian 
ricegrass  and  crested  wheatgrass  with  an  overstory  of  big  sagebrush, 


S^ 


bitterbrush,    rabbitbrush,    small    pinyon  and    small    juniper.      This   site    is 
presently    producing   approximately   650   lbs/acre    of    herbage   annually. 

Rocky    Pinyon-Juniper 

This    range    site    is   a   woodland-shrub-grass    complex    on  moderately   steep    to    very 
steep   hillsides    with    frequent    sandstone   and    shale    outcrops.      The    principal 
plant    species    are   needle-and-thread ,    bluegrass,    western   wheatgrass,    big 
sagebrush,    bitterbrush,    mountain   mahogany   and    rabbitbrush.      The    overstory   is 
pinyon   and    juniper.      Vegetative    ground    cover    is   about    10   percent.      Tree    canopy 
cover    is    about    40    percent.      The    average   annual    production   is   200   lbs/acre. 

Approximately   300   acres    of    this    site    was    also    chained   and    has    similar 
composition   and    production    rates    as    the    previously   described    chained    mountain 
pinyon- juni per    site. 

Broadly    Defined    Soils 

■  ■    :    Is    no   single    native    plant    ■       taunitj  in   be   idi  nfcified    for    the 

vegetation   on    the   broadly   defined    soils.      The    present    vegetation   consists    of 
slender   wheatgrass    and    Indian   ricegrass    with   an   overstory   of    fringed 
sagebrush,    big    sagebrush,    greasewood ,    rabbitbrush   and    scattered 
pinyon- juniper .      This   area   produces   approximately   250   lbs/acre   of    herbage 
annually. 

Threatened    and    Endangered    Plants 

A    field    survey    of    both   Tract    C-18   and   C-ll,    for    the    occurrence    of    threatened, 
endangered   or    rare    plants    was    conducted    in   May,    1982    by    the    Nature    Conservancy 
under   contract    to    the    Bureau   of   Land   Management.      As   a   result    of    this 
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inventory,  three  locations  of  Astragalus  lutosus,  dragon  milkvetch,  were 
discovered.   One  location  totaling  10  acres  was  discovered  on  Tract  C-l.l  while 
two  locations  totaling  20  acres  were  found  on  Tract  C-18.   Astragalus  lutosus 
is  a  "candidate"  species,  Category  2  at  the  time  of  this  writing.   A  Category 
2  species  is  defined  by  the  U.S.  Fish  and  Wildlife  Service  as  a  "taxa  for 
which  information  now  in  the  possession  of  the  Service  indicates  the  probable 
appropriateness  of  listing,  as  endangered  or  threatened,  but  for  which 
sufficient  data  is  not  presently  available  to  biologically  support  a  proposed 
rule."   Specific  locality  data  for  the  three  populations  of  Astragalus  .lutosus 
are- available  upon  request  at  the  Bureau  of  Land  Management  in  Meeker  or  the 
BLM  District  Office  in  Craig. 

The  habitat  for  Astragalus  lutosus  is  that  of  a  loose  shale  scree  on  steep  to 
rolling  slopes  of  the  Green  River  Formation.   Although  Astragalus  lutosus  is 
rather  common  to  the  shale  outcrops  within  the  Piceance  Basin  of  Colorado,  in 
terms  of  national  significance,  it  remains  quite  rare.   No  other  threatened, 
endangered  or  rare  plants  are  known  to  exist  on  the  two  tracts. 

Grazing 

There  are  approximately  150,000  AUMs  on  139  grazing  allotments  within  the 
White  River  Resource  Area.   The  C-.l  1  and  C-18  Tracts  lie  mainly  within  the  F 
and  B  pastures  of  the  Square  S  Allotment,  respectively.   At  the  present  time, 
the  allotment  supports  1,000  cow/calf  units  from  May  15  to  December  15.   This 
allotment  is  currently  managed  on  a  six  pasture  deferred  rotation  system. 

Grazing  capacity  for  public  land  on  the  allotment  is  4,390  AUMs.   Five  hundred 
AUMs  are  available  on  each  tract.   The  potential  AUM  production  on  the  entire 
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allotment  is  6,60.0.   The  two  tracts  combined  have  the  potential  of  producing 
1,400  AUMs;  750  AUMs  on  Tract  C-ll  and  650  AUMs  on  Tract  C-18.   The  potential 
for  increasing  AUMs  on  the  C-ll  and  C-18  Tracts  exists  through  manipulation  of 
sagebrush  overstory  on  the  rolling  loam  range  site.   in  order  to  achieve 
production  potential,  this  allotment  has  been  identified  in  the  White  River 
Management  Framework  Plan  for  revision  of  the  grazing  system  and 
pinyon- juniper  and  sagebrush  vegetation  manipulations  were  recommended  to 
increase  grass  production.   Some  of  the  sagebrush  manipulations  lie  within  the 
tract  boundaries. 

The  existing  rangeland  projects  in  the  B  and  F  pastures  that  may  be  affected 
include  one  spring,  one  well  with  eight  miles  of  water  pipeline,  and  1,500 
acres  of  pinyon- juniper  chaining,   Not  all  of  these  projects  are  actually 
within  the  tract  boundaries,  but  are  located  in  areas  where  development  could 
adversely  impact  these  projects  anyway  (Figure  111-12).   On  Tract  C-ll,  one 
well  with  three  miles  of  water  pipeline  and  700  acres  of  pinyon- juniper 
chaini    ixist.   On  Tract  C-18,  three  miles  of  pipeline  and  500  acres  of 
pinyon- juniper  chaining  are  present. 

FORESTRY 

Approximately   46    percent,    or    2,300   acres,    of    Tract    C-ll   and    approximately   50 
percent,    or   2,500   acres,    of    Tract    C-18    is    in    pinyon- juniper   woodland. 
Pinyon- juniper    is    the   only    forest    type    found   on   either    tract.   • 

The    term   woodland    refers    to   an   open    forest    of    low,    round-crowned    trees,    often 
bushy    or    contorted.      The   dominant    species    olT    the    pinyon- juniper   woodland    In 
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the  Piceance  Basin  include  Colorado  Pinyon  (Finns  edulis)  and  Utah  Juniper 
(Juniperus  osteosperma) .   Tree  densities  and  species  composition  vary 
considerably  throughout  both  tracts. 

Of  all  v/oodland  acres  on  both  tracts,  only  a  small  portion  is  considered 
commercially  available,  in  terms  of  forest  management.   No  large  scale 
commercial  activities  or  immediate  plans  for  future  stiles  are  scheduled  on 
these  tracts.   However,  these  tracts  are  open  and  managed  for  occasional 
individual  use  of  firewood  and  fencepost  cutting. 

WILDLIFE 

A  total  of  28  mammal,  66  bird,  5  reptile,  and  I  amphibian  species  have  been 
recorded  or  are  speculated  to  inhabit  the  tracts  either  as  residents  or  on  a 
migratory  basis.   Since  it  is  not  feasible  to  address  each  species  separately, 
only  those  species  that  may  be  significantly  impacted  or  are  of  major  concern 
/ill  be  discussed  in  detail  below, 

Terrestrial 
Big  Game 

The  Piceance  Basin  mule  deer  herd  is  considered  to  be  the  largest  migratory 
herd  in  North  America.  Populations  have  fluctuated  significantly  since  the 
1950's  (15,500  to  70,000)  due  mainly  to  severe  winters,  condition  of  winter 
range  and  habitat  destruction.  The  herd  population  is  presently  increasing 
following  a  massive  die-off  during  the  winter  of  1978  to  1979.  Browse 
condition  on  winter  range  is  generally  poor,  but  has  improved  slightly  over 
the  last  four  years  due  to  lowered  deer  populations  and  a  corresponding 
reduction  in  winter  forage  use. 
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Both  tracts  are  located  in  mule  deer  winter  range.   Ninety-three  percent  of 
C-l  1  and  seven  percent  of  C--18  are  considered  critical  winter  range  by  the 
Colorado  Division  of  Wildlife  (DOW).   Critical  range  is  key  to  herd  sustenance 
during  winters  of  unusually  heavy  and  prolonged  snow  conditions  when  adjacent 
winter  ranges  are  unavailable  or  inaccessible.   A  seasonal  migration  route 
traverses  each  tract.   Figure  111-13  indicates  the  location  of  ranges  and 
migration  routes. 

Deer  use  of  the  tracts  is  almost  exclusively  during  late  fall,  winter  and 
early  spring.   ]  eg   numb    of  deer  arrive  in  October  and  m  trease  in 
abundance  through  December  as  snow  accumulations  at  higher  elevations  force 
deer  descent  to  these  lower  winter  ranges.   Deer  remain  abundant  on  the  area 
until  early  April  and  are  essentially  gone  by  May. 

During  winter  months,  deer  seek  chained  pinyon- juniper  and  pinyon- juniper 
woodlands  where  preferred  browse  forage  is  most  available.   Beginning  in 
March,  deer  make  increasingly  heavy  use  of  succulent:  herbaceous  growth  in  hay 
meadows  and  sagebrush  bottomlands. 

Deer  abundance  on  the  tracts  varies  annually  depending  on  total  herd  size  and 
winter  intensity.   During  mild  winters,  deer  prefer  the  use  of  off-tract  upper 
elevation  pinyon- juniper  winter  ranges  where  greater  browse  production  occurs. 
During  harsh  winters  of  sub-zero  temperatures,  windy  conditions,  and  heavy 
snowfall,  deer  are  forced  to  these  lowe r  elevation  critical  ranges  where 
forage  is  more  accessible  on  southern  exposures  with  less  snow  accumulation. 
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'•  *  •  Mule  Deer  Critical  Winter  Range 
Mule  Deer  Migration  Route 


Note:    Entire  area  is  mountain  lion  winter  ranee.  Entire  area 
outside  critical  winter  range  is  mule  d  ei  v\  inter  ran  ,e. 


Figure  111-13     Big  Game  Seasonal  Ranges  and  Migration  Routes 
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BLM/DOW  management  objectives  are  to  maintain  a  wintering  population  of  40,000 
deer  in  Piceance  Basin.   This  correlates  to  population  densities  of  54  and  80 
deer  per  square  mile  on  winter  and  critical  winter  ranges  of  the  tracts, 
respectively. 

Douglas  et  al  (1981)  calculated  1980  to  1981  winter  range  average  densities 
on-tract  to  be  67  deer  per  square  mile  in  the  chained  pinyon- juniper ,  27  deer 
per  square  mile  in  the  pinyon- juniper  habitat,  and  13  deer  per  square  mile  in 
sagebrush  and  greasewood-sagebrush  bottom  habitats. 

Seasonal  use  areas  for  mountain  lion  coincide  with  those  used  by  mule  doer, 
their  primary  prey  source.   Average  animal  density  for  Piceance  Basin  winter 
range  is  four  lions  per  100  square  miles.   Elk  occur  on  these  tracts  in  low 
populations  during  winters  of  adverse  weather  conditions. 

Raptors 

One  golden  eagle  nest  on  Tract  C-ll  has  been  active  three  times  during  the 
period  1975  to  1981.   Two  additional  inactive  cliff  nests  of  poor  condition 
(possibly  red-tailed  hawk)  are  located  on  each  tract  (Douglas  et:  al  1981). 
Location  of  known  raptor  nests  is  available  upon  request  from  the  BLM  in 
Meeker.   Although  unknown  at  this  time,  it  is  highly  probable  that  accipiters 
and  owls  nest  in  the  pinyon- juniper  woodlands  on  these  tracts.   Raptors 
commonly  present  in  winter  are  golden  eagles,  red-tailed  hawks,  marsh  hawks 
and  rough-legged  hawks. 

Birds,  Mammals,  Reptiles,  and  Amphibians 
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Waterfowl  seasonal  use  areas  are  associated  with  aquatic  environments  of 
perennial  water  along  Piceance  Creek  and  Yellow  Creek.   No  known  populations 
or  potential  habitat  for  migratory  birds  of  high  Federal  interest  occurs  on 
these  tracts.   A  list  of  other  wildlife  species  known  or  expected  to  occur  on 
the  tracts  with  a  brief,  general  description  of  each  species  habitat 
preference  is  available  in  the  Piceance  Basin  Unit  Resource  Analysis  -  Step  2 
and  Douglas  et  al  (1981). 

Wild  Horses 

Approximately  20  to  30  wild  horses  reside  in  pastures  B  and  F  of  the  Square  S 

Allotment.   The  objective  of  the  White  River  Resource  Area's  Wild  Horse 

Management  Plan  includes  complete  removal  of  horses  from  these  two  pastures  by 

1908. 

Aqua  tic 

The  U.S.  Pish  and  Wildlife  Service  (USFWS)  and  DOW  have  classified  all  streams 

;  '.'  :  i  1 1   affected  area  as  limi  I  I       fisheries  po  teni   \      I  I  w  '>      mrce 
value.   The  White  River  downstream  from  Rio  Blanco  Lake  is  classified  both  as 
an  endangered  species  fishery  and  as  a  limited  game  fishery. 

These  drainages  are  dominated  by  species  from  the  Families  Catastomidae 
(suckers)  and  Cyprinidae  (minnows).   Very  few  game  fish  species  are  present, 
except  in  the  upstream  portions  of  the  White  River,  Piceance  Creek  and  its 
major  tributaries  (Black  Sulphur,  Fawn,  Willow  and  Stewart  Creeks). 

No  major  stream/pond  aquatic  habitats  occur  on  Tracts  C-ll  or  C-18. 


(.3 


Threatened ( and  Endangered  Species 

Six  species  were  presented  in  the  list  received  from  USFWS  for  analysis  in  the 
biological  assessment.   It  was  determined  that  no  populations  or  suitable 
habitat  for  black-footed  ferret,  whooping  crane  and  peregrine  falcon  are 
present  within  the  tract  areas. 

Bald  eagles  reside  in  the  White  River  valley  from  October  through  March  as 
winter  residents  and  migrants.   Core  populations  in  winter  vary  from  50  to  70 
birds,  with  migratory  peaks  of  up  to  160  birds  in  March.   Bald  eagles  roost  in 
cottonwood  stands  and  Douglas  fir  stands  along  the  White  River  and  forage  in 
upL        :-.   Foraging  eagles  are  evident  throughout'.  Piceance  Bai  Ln  during 
the  winter  months,  but  no  high  use  or  preferred  areas  has  been  defined. 

It  has  been  regularly  documented  that  Colorado  River  squawfish  occur  in  the 
White  River.   The  Colorado  segment  of  the  White  River  is  considered  habitat 
for  juvenile  and  adult  squawfish.   Apparent  importance  of  the  White  River  to 
endemic  fish  in  the  Upper  Colorado  River  Basin  is  quantity  and  periodicity  of 
water  flow. 

There  is  one  report  of  a  humpback  chub  from  the  White  River  (Sigler  and  Miller 
1963).   However,  the  Colorado  River  Fishes  Investigation  Team,  established  in 
April  1979,  has  not  found  recent  evidence  of  this  species  inhabiting  the  White 
River. 

CULTURAL  RESOURCES 
Tract  C-ll 
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Sixty-six  percent  of  Tract  C-Ll  has  been  surveyed  at  the  Class  III  inventory 
level  for  cultural  resources.   This  survey,  which  was  performed  by  the 
Laboratory  of  Public  Archaeology  (Weber  et  al  April  1977),  covered 
approximately  3,350  acres.   Sixteen  sites  and  13  isolated  finds  were  recorded. 
Of  these  sites,  none  are  presently  listed  on  the  National  Register  of  Historic 
Places,  four  are  considered  eligible,  one  may  be  eligible,  ten  are  not 
eligible,  and  the  eligibility  status  of  one  site  is  unknown.   Based  on  data 
from  the  area  which  has  been  surveyed  to  date,  the  ratio  of  known  cultural 
resources  per  acre  inventoried  for  Tract  C-ll  is  1:116.   This  is  considered 
moderate  when  compared  with  data  from  other  areas  within  the  White  River 
Resource  Area. 

Tract  C-18 

Thirty-nine  percent  of  Tract  C-18  has  been  inventoried  for  cultural  resources. 
Of  a  total  of  approximately  1,980  acres,  1,880  were  inventoried  by  Grand  River 
Institute  (Conner  and  Langdon  January  1981)  and  100  acres  were  inventoried  by 

Lscellaneous  coi       rs  for  the   irmitting  of  several   ells  a i  -:    ess 
roads.   A  total  of  18  sites  and  15  isolated  finds  have  been  recorded  within 
the  tract  boundary  of  these  sites;  the  Duck  Creek  Wickiup  Village  (5RB53)  is 
listed  on  the  National  Register  of  Historic  Places,  three  are  considered 
eligible,  two  may  be  i  I  tgible,  three  need  more  data  before  eligibility  can  be 
assessed,  five  are  not  Eligible,  and  the  eligibility  status  of  one  site  is  not 
known.   The  ratio  of  known  cultural  resources  per  acre  inventoried  for  Tract 
C-18  is  1:60.   This  would  indicate  that  there  are  a   greater  number  of 
potential  cultural  sites  to  be  encountered  on  Tract  C-18  than  on  C-ll  even 
though  loss  area  has  been  inventoried.   A  100  percent  Class  III  pedestrian 
survey  (Environmental  Stipulations  of  the  lease,  Section  6),  conducted  prior 
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to  any  surface  disturbance  as  a  result  of  the  proposed  action,  could  verify 
this. 

Predictive  Model . 

The  consulting  firm  of  Gilbert /Commonwealth  is  currently  under  contract  to  the 
Bureau  of  Land  Management  for  a  cultural  resource  study  in  the  Piceance  Basin 
including  the  proposed  lease  tracts.  The  general  purpose  of  this  study  is  to 
generate  cultural  resource  data  of  area-wide  suitability  for  planning  for 
projected  oil  shale  development.   Specific  objectives  include: 

1.  E    nition  or  elaboration  oi  patti     of  past  hun  n  use  and  occupation; 

2.  Development  of  projections  of  expected  density,  distribution,  and 
diversity  of  cultural  resources; 

3.  Identification  and  assessment  of  the  environmental  and/or  cultural 
variables  or  combination  of  variables  that  form  the  most  accurate  predictors 
of  cultural  resource  sites; 

4.  Determination  of  research  direction  for  the  study  areas  that  will  provide 
guidance  for  future  research  and  a  basis  for  formulating  and  evaluating 
mitigation  plans  (Newkirk  et  al  March  1982). 

This  study,  due  to  be  completed  by  October  1,  1982,  will  provide  a  predictive 
model  which  can  be  used  to  determine  the  likelihood  of  encountering  cultural 
resources  on  a  site-by-site  basis.   If  the  model  generated  predicts  site 
locations  within  a  statistically  acceptable  range,  it  will  be  used  in  future 
land  use  actions. 
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PALEONTOLOGY 

Four  geological  units  outcrop  on  Tracts  C-ll  and  C-18.   The  oldest  is  the 
Thirteen  Mile  Creek  tongue  of  the  Green  River  Formation  over  which  lay  tongues 
4  and  5  of  the  Uinta  Formation  (Duncan  1976).   In  addition  to  that, 
Pleistocene  or  Recent  alluvium  is  found  along  some  creek  bottoms.   These  units 
are  described  in  greater  detail  in  the  Geology  section  of  this  chapter. 

These  units  are  important  for  vertebrate  and  invertebrate  fossils  for  several 
reasons.   The  Green  River  Formation  is  well  known  for  its  well  preserved  fish 
and  insect  fossils.   The  fish  fossils  are  of  special  interest  here  because  the 
Green  River  Formation  in  the  Piceance  Basin  is  slightly  younger  than  it  is  in 
the  better  known  fish  fossil  localities  in  Wyoming,  and  would  be  valuable  in 
understanding  the  evolution  of  certain  Eocene  fish.   These  fish  fossils  may  be 
encountered  while  sinking  a  shaft  or  while  drifting,  or  crosscutting ,  at 
d  ;pth.   Chey  are  not  Likely  to  occur  at  the  surface  on       two  tracts.   The 
size  of  these  fish  fossils  ranges  from  less  than  one  inch  to  several  feet, 
although  the  smaller  ones  (less  than  one  inch  to  about  four  inches)  are  more 
c  oiiimo  n . 

The  insect  fossils  of  the  Green  River  Formation  are  abundant  but  unique  in 
that  usually  they  are  very  well  preserved.   The  size  of  these  insect  fossils 
are  comparable  to  present  day  insects  such  as  flies,  ants,  bee^s ,  larvae  etc., 
and  would  be  hard  (if  not  impossible)  to  see  from  the  top  of  earth  moving 
equipment.   Fish  fossils  would  similarily  be  difficult  to  see.  'The  Green 
River  Formation  also  has  an  abundance  of  plant  fossils  such  as  leaf  fragments 
which  are  of  minor  significance. 
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Tongues  h   and  5  of  the  Uinta  Formation  also  contain  both  vertebrate  and 
invertebrate  fossils.   Tongue  5  covers  the  majority  of  the  surface  area  within 
Tracts  C-ll  and  C-18.   In  this  unit  most  of  the  vertebrate  fossils  are  medium 
to  large  in  size,  representing  relatives  of  the  horse,  rhinoceros  and  tapir, 
hov7ever  smaller  mammals-  (such  as  mongoose-like  mammals)  are  also  represented 
by  jaws  and  teeth  or  parts  thereof. 

The  insects  and  plant  fossils  found  in  tongues  h    and  5  of  the  Uinta  Formation 
are  significant  in  that  late  Eocene  plant  fossils  are  rare,  and  late  Eocene 
in  ;i  I  fosj  U  local  L1  Les  were  unknown  in  th   United  States  before  1978.  These 
fossils  seem  to  be  concentrated  in  lenses  of  mudball  conglomerates.   Research 
or  exhibit  quality  vertebrate  fossils  can  be  found  at  about  every  400  to  500 
yards  of  outcrop. 

No  detailed  study  of  the  fossil  vertebrates  of  the  Piceance  Basin  exists, 
however,  references  to  these  fossils  can  be  found  in  several  publications, 
making  them  time  consuming  and  difficult  to  locate  and  reference.   One  of  the 
objectives  of  the  paleontological  inventory  and  survey  currently  being 
performed  in  the  Piceance  basin,  is  to  consolidate  these  scattered  references 
together  in  a  useful  volume.   That  information  will  be  available  in  October 
1982. 

A  paleontological  resources  inventory  and  evaluation  was  done  by  Dr.  Peter 
Robinson  in  1978  for  the  Horse  Draw  Bureau  of  Mines  Project  which  covers  the 
northeastern  part  of  Tract  C-ll.   This  survey  revealed  two  Brontothere 
skulls,  which  were  not  collected,  along  with  several  limb  bones,  teeth  and 
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assorted  bone  fragments.   A  bison  skull  and  isolated  tapiroid  teeth  were  also 
found.   Many  plant  fossils,  some  of  which  were  rare  late  Eocene  plants,  were 
collected  along  with  one  late  Eocene  insect  larvae.   A  detailed  list  of  the 
fossils  found,  their  quality,  location   and  importance  can  be  found  in  the 
referenced  survey.   A  good  quality  miacidae  jaw  was  found  less  than  two  miles 
from  the  northwest  corner  of  Triict  C-18.   It  is  expected  that  fossils  of 
similar  quality  and  importance  might  be  found  throughout  Tracts  C-ll  and  C-18. 

VISUAL  RESOURCES 

In  1978,  the  White  River  Resource  Area  was  inventoried  for  an  evaluation  of 
its  visual  resources.   The  evaluation  consisted  of  a  three  step  assessment  of 
1)  the  visual  quality  of  the  landscape,   2)  the  sensitivity  of  the  area  with 
regard  to  the  number  of  viewers,  and   3)  the  distance  that  the  viewed  area  is 
seen  from  major  transportation  routes. 

Scenic  quality  Is  |    tap:  b<  ii  d<  ■:''.:,■•'.    as  the  ov  rs  L  Impression  ret.  ;;   I 
after  driving  or  walking  through  an  area.   Each  area  is  rated  by  seven  key 
factors:   land  form,  vegetation,  water,  color,  influence  of  adjacent  scenery, 
scarcity  and  cultural  modification.   The  values  for  each  category  are 
calculated  and,  according  to  totiil  points,  three  scenic  quality  classes  are 
determined  and  mapped: 

Class  A  -  Areas  that  combine  the  most  outstanding  characteristics  of  each 
rating  factor  ( 19  -  33  points). 
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Class  B  -Areas  in  which  there  is  a  combination  of  some  outstanding  features 
and  some  that  are  fairly  common  to  the  physiographic  region  (12-10  points). 

Class  C  -  Areas  in  which  the  features  are  fairly  common  to  the  physiographic 
region  (0-11  points). 

Sensitivity  was  determined  by  use  volume.   Frequency  of  travel  through  an  area 
and  the  local  use  of  that  area  was  tabulated.   The  area  was  then  assigned  a 
high,  moderate  or  low  rating  according  to  predetermined  classifications. 

Related  to  the  sensitivity  rating  is  the  distance  zone.   The  visual  quality 
and  the  sensitivity  of  a  landscape  may  be  magnified  or  diminished  by  the 
visibility  of  the  landscape  from  major  viewing  routes.   Major  routes  are  B 
Class  County  Roads  or  better.   The  only  major  route  near  the  tracts  is  County 
Road  5,  Piceance  Creek  Road-   It  is  located  approximately  one-half  mile  from 
the  eastern  boundary  of  Tract  C-ll  and  one  and  a  qviarter  miles  from  the 
eastern  boundary  of  Tract  C-18.   This  would  place  most  of  the  project 
development  on  lands  which  cannot  be  seen  from  Piceance  Creek  Road . 

All  of  Tract  C-18  and  most  of  Tract  C-ll,  except  for  Ryan  Gulch,  (see  Figure 
III-1A)  are  rated  as  "C"  Quality.   This  area  is  characterized  by  rolling  to 
occasionally  steep  hills.   Numerous  sandstone  rock  outcrops  occur  within  the 
landscape  but  generally  do  not  create  much  interest  due  to  their  small  scale. 
Vegetation  is  dominanted  by  relatively  dense  stands  of  pinyon- juni per . 
Sagebrush  and  mountain  brush  species  also  exist  to  a  large  degree  in  the  area. 
Out  of  a  total  possible  score  of  33  this  area  is  rated  9. 
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Quality  Ratings 
A  -  Outstanding 
B  -  Characteristic 
C  -  Minimal 


Figure  111-14     Visunl  Resources  Scenic  Quality  Ratings 
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The  Ryan  Gulch  area  is  rated  as  "B"  Quality.   This  area  is  characterized  hy 
the  meandering  Ryan  Creek  floodplain.   Vegetation  consists  primarily  of 
grasses  and  sagebrush.   Out  of  a  possible  score  of  33  the  area  is  rated  12. 

All  of  Tract  C-18  and  most  of  C-ll  is  rated  as  having  moderate  sensitivity. 
The  southeastern  corner  of  C-ll  is  rated  as  low  sensitivity  (see  Figure 
111-15). 

The  three  components:  scenic  quality,  sensitivity,  and  distance  zones,  are 
compiled  to  formulate  management  classes.   These  classes  are  divided  into  five 
leveJ-s:  I.  J  [,  III,  IV.  r,rA   V.   The  degree  of  contrast,  allowed  varies  with 
Class 'I  being  the  most  restrictive  (e.g.  designated  wilderness  areas)  and 
Class  IV  the  least  restrictive.   Class  V  is  an  interim  classification  for 
landscapes  in  need  of  rehabilitation  or  where  management  practices  have 
reduced  landscape  quality. 

Both  tracts  are  in  management  Class  IV.   In  Class  IV,  contrasts  may  attract 
attention  and  be  a  dominant  feature  of  the  landscape  in  terms  of  scale; 
however,  the  change  should  repeat  the  basic  elements  inherent  in  the  landscape 
whenever  feasible. 

RECREATION 

The  current  (1979  to  1980)  recreation  use  of  the  area  is  predominantly 
hunting.   Big  game  hunting  use  is  indicated  by  big  game  hunting  unit  22;  a 
1,038  square  mile  area,  located  between  Cathedral  Bluffs  to  the  west,  Highway 
13/789  to  the  east,  Highway  64  to  the  north  and  the  Roan  Cliffs  to  the  south. 
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Figure  111-15     Visual  Resources  Sensitivity  Zones 
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the  proposed  tracts  are  located  near  the  center  of  this  unit.   Small  game 
hunting  use  is  measured  by  small  game  hunting  unit  22,  a  1,930  square  mile 
area,  located  between  the  Utah  state  line  to  the  west,  Highway  13/789  to  the 
east,  Highway  64  to  the  north  and  Roan  Cliffs  to  the  south.   The  proposed 
tracts  are  located  near  the  east/central  portion  of  this  unit. 

Mule  deer  and  elk  hunting  dominate  the  big  game  sports.   For  deer  hunting  in 
1980,  1,197  residents  of  Colorado  and  2,147  out-of-state  hunters  utilized  unit 
22  for  a  total  of  13,060  recreation  days.   A  recreation  day  is  any  portion  of 
a  24  hour  day  used  for  recreational  purposes  by  one  person. 

Total-  big  game  hunting  use  for  this  unit,  to  include  bear  and  lion,  for  1980 
was  4,385  hunters  using  17,634  recreation  days.  Deer  season  ran  from  August 
30  to  November  5.   Elk  season  ran  from  August  30  to  November  11. 

Rabbit  limiting  dominates  the  small  game  hunting  sports.   In  1979,  1,065 
hunters  used  the  area  for  hunting  rabbits  and  hares  for  a  total  of  3,774 
recreation  days.   Total  small  game  hunting,  to  include  waterfowl,  included 
1,844  hunters  using  10,751  recreation  days. 

Hunting  use  trends  in  the  Piceance  Wildlife  Unit  are  on  the  upswing.   Animal 
populations  are  recovering  from  previous  declines  due  to  winter  kills.   Based 
on  animal  management  projections  (see  Chapter  III,  Wildlife)  recreation  use 
will  likely  increase  50  to  60  percent  over  the  next  two  to  three  years  then 
level  out  to  a  steady  five  to  seven -percent  increase  annually,  if  existing 
conditions  persist. 
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WILDERNESS 

In  November  1980,  an  intensive  wilderness  inventory  was  completed  for  the 
White  River  Resource  Area.   No  Wilderness  Study  Areas  were  identified  in  the 
Piceance  Basin  Planning  Unit. 

In  addition,  no  designated  Wilderness  Areas  are  located  in  the  Resource  Area. 
The  nearest  designated  Wilderness  Area  is  the  Flat  Tops,  located  in  White 
River  National  Forest,  40  miles  to  the  east.   The  nearest  administratively 
approved  Wilderness  Study  Area  is  Dinosaur  National  Monument,  located  36  miles 
to  the  north  (see  Figure  III-l). 


SOCIAL 


Seven  towns  would  experience  population  growth  from  the  proposed  development: 
Glenwood  Springs,  Rifle,  Silt,  Parachute,  Grand  Junction,  Rangely,  and  Meeker, 
these,  Pa l  : '  1 1    i  d  G    '    June!:  '  i  would  not  be  ;ignif  ic  ntly  af  i     d  d . 

Silt 

Silt  grew  from  330  to  more  than  1,000  persons  between  1970  and  the  summer  of 
1981,  (most  of  it  since  1980)  because  it  provided  lower  cost  housing  for 
service  workers  in  tourist  areas  to  its  north  and  east,  and  to  oil  shale 
projects  in  the  Parachute-DeBeque  area  to  the  west.   Silt  may  be  shifting  from 
an  independent  small  town,  within  the  shopping  district  of  Glenwood,  to  a 
bedroom  community  serving  both  Glenwood  and  Rifle.   Officials  in  Silt  have 
tapped  oil  shale  trust  funds  to  improve  the  town's  facilities  because  they 
ect  the  population  will  reach  3,500  within  a  few  years. 
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Typical  of  rapid  growth,  political  and  service  structures  have  become  more 
formal.   Law  enforcement,  in  1970  composed  of  only  a  town  marshall,  now 
consists  of  a  full-time  and  a  part-time  deputy,  and  three  reserve  officers  on 
call.   A  rise  in  crime  seems  to  be  general.   One  minister  reported  a  rise  in 
marital  counseling,  generated  in  part  by  the  stress  that  comes  when  newcomers 
do  not  easily  find  jobs  in  the  area. 

Glenwood  Springs 

Glenwood  Springs,  (pop.  6,000)  is  primarily  oriented  toward  tourism  —  skiing, 
tl  ■  ;.      hoi  sp  ingi  bathing   and  other  outdoor  sports.   Its  geographical 
location  in  a  narrow  scenic  canyon  and  its  refusal  some  years  ago  to  permit  a 
highway  by-pass  causes  downtown  congestion  and  noise.   New  growth  is  confined 
to  the  Roaring  Fork  valley  southward,  and  Colorado  River  valley  westward. 

The  hiring  of  professional  planners  is  strong  evidence  that  local  government 
decision  making  processes  are  becoming  more  formal  .   This  has  brought  some 
conflict  between  longtime  town  leaders  and  those  newer  to  the  area  who  more 
readily  accept  the  new  expertise. 

Because  of  its  desirable  location,  Glenwood  has  many  health  practitioners.  The 
regional  hospital  has  a  high  use  rate  which  may  mean  new  facilities  will  be 
needed  in  a  few  years. 

The  entire  county  is  served  by  a  very  active  mental  health  regional  center 
with  branches  in  surrounding  communities.   In  recent  years,  the  services  have 
greatly  expanded,  as  needs  have  continued  to  grow.   Mental  health  officials 
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report  case  load  increases.   The  center  is  also  developing  prevention  programs 
in  the  region. 

Law  enforcement  has  expanded  and  become  more  formal  and  professional,  although 
low  salaries  make  it  difficult  to  hold  trained  personnel.   There  is  an  alcohol 
treatment  facility  in  the  town.   Police  officials  estimate  that  the   influx  of 
energy  workers  has  brought  no  problems  beyond  their  proportion  in  the 
population. 

The  public  schools  have  somewhat  declining  enrollments,  an  anomaly  in  view  of 
the  growth.   Increases  in  discipline  problems  have  brought  formation  of  a 
Parent  Advisory  Committee  to  help  find  solutions.   A  high  student  turnover 
rate  (20  to  30  percent  in  and  out  during  the  year)  has  brought  some  problems. 

Among  the  outstanding  changes  in  the  social  structure  has  been  the  growth  of 
the  Colorado  Mountain  College  program.   Headquartered  in  Glenwood,  it  serves 

/  :r,  I   01  mties  thr  ug      I ■  ■  i  ch  > .   Ci;  prov  '•        »  a-  highlj   ■  ■   it.i  ■•'■ 
college  program  tailored  to  the  needs  of  the  area,  plus  some  upper  division 
and  graduate  courses  in  cooperation  with  other  state  colleges.   The  college 
has  seen  very  strong  growth  from  4,355  to  more  than  25,000  students  in  the 
years  1969-70  to  1979-80.   In  addition  to  academic  and  trade1/ technical 
courses,  the  college  has  also  developed  training  in  human  services  delivery 
and  engaged  in  these  services  directly  —  counseling  and  communications, 
senior  citizen  consortium  for  human  services  education,  and  programs  directly 
related  to  western  slope  energy  development.   The  county  government  in 
Glenwood  Springs  is  rapidly  formalizing. 
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Rifle 

Rifle  was  at.  the  center  of  an  "oil  shale  boom"  at  least  l\;ice  before  the 

present  —  in  1913  and  again  in  the  late  1940's,  though  in  each  instance  the 

boom  was  more  in  expectations  than  in  reality.   The  skepticism  growing  from 

those  times  made  the  community  doubtful  that  oil  shale  would  "go"  in  the 

1970' s  and  1980' s.   Only  recently  did  skepticism  give  way  to  belief  —  just  in 

time  to  be  shattered  by  the  slow-down  of  oil  shale  development  in  the  region. 

Rifle  lias  prepared  for  growth  by  various  funding  methods.   Boom  conditions 
have  existed  since  the  late  seventies  as  population  increases  began  producing 
snortages  and  congestion  as  well  as  some  better  shopping  facilities,  expansion 
and  ini]   -  stent  of  social  services  delivery  systems  such  as  mental  health,  a 
newcomer  integration  project,  a  branch  of  Colorado  Mountain  College,  and 
programs  for  the  elderly.   A  $100  million  Human  Services  building  is  being 
planned  for  Rifle,  in  which  space  would  be  free  to  services  providers. 

Other  responses  to  structual  pressures  have  also  occurred.   Efforts  to  control 
downtown  congestion  on  Railroad  Avenue  (Hwy.  13  north-south)  have  caused  some 
citizen/local  government  conflicts  because  of  disagreements  regarding  a 
by-pass  route.   In  the  most  recent  local  election  (late  1981),  three  of  five 
new  council  members  were  new  residents,  evidence  that  the  political  base  is 
diversifying  in  Rifle.   Rifle  lias  more  than  tripled  its  population  since  1972. 

According  to  a  recent  BLM  (1981)  study  based  on  a  random  sample  of  109 
persons,  the  people  of  Rifle  favor  energy  development  by  a  two-thirds 
majority,  but  not  at  the  expense  of  a  deteriorating  environment.   Oldtimers 
feel  the  stresses  of  seeing  their  community  become  more  congested  and  less 
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psychologically  comfortable,  but  in  general  they  also  see  some  advantages  such 
as  better  employment  opportunities  for  the  younger  population.   They  are  glad 
for  better  shopping  facilities,  and  they  believe  the  country  needs  the  oil. 
Respondents  in  this  study  saw  the  biggest  problems  as  rise  in  living  costs, 
traffic  congestion,  higher  crime  rates,  and  housing  shortages.   Fifteen 
percent  were  concerned  about  the  natural  environment. 

Twenty-nine  percent  of  the  respondents  felt  that  local  communities  have  no 
influence  on  whether  energy  production  occurs  in  the  area,  41  percent  felt 
they  had  very  little  influence,  13  percent  said  some,  and  17  percent  said  a 
lot.  '  In-depth  interviews  with  22  of  the  respondents  revealed,  however,  that 
some  persons  do  not  believe  the  local  community  should  have  much  influence  in 
such  decisions.   The  most  common  view  expressed  was  that  a  community  should 

not  be  able  to  stop  development,  but  that  it  should  be  able  to  impose 
mitigative  restrictions  on  the  companies. 

Of  thi     Liked       -  >u ;'  Living  Ln  ". '  i  '   •  ,     p  nd  cits   ■  '  1 1 ;  :      nl  Loned 
friendliness  of  the  people,  natural  beauty  of  the  area,  climate,  outdoor 
recreation,  and  small  size  of  the  town  (23  percent).   Those  holding  energy 
jobs  and  newcomers  were  less  likely  to  mention  friendliness  of  the  people. 
Newcomers  often  felt  that  they  were  not  warmly  received  by  the  town,  and  that 
oldtimers  were  too  suspicious  of  them. 

In-depth  interviewees  ranked  wildlife  as  of  highest  priority,  with  watershed 
second.   The  other  four  choices  (range,  timber,  recreation,  and  energy  and 
minerals)  were  of  about  equal  rank. 
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Mocker 

Meeker  traditionally  was  a  scenically  located  small,  isolated  ranching 
community  with  a  hunting-fishing  tourist  trade  in  fall  and  summer.   But  it, 
like  Rifle,  has  lived  in  the  shadow  of  energy  development  for  80  years.   Only 
since  1975  has  the  activity  seemed  certain  enough  to  erode  the  skepticism  of 
lost  expectations  from  the  past. 

By  about  1980,  a  general  spirit  of  either  resignation  to,  or  active  acceptance 
of,  energy  growth  was  beginning  to  prevail.   Local  and  county  governments  were 
developing  a  more  formal  structure  to  provide  for  growth  management.   A  city 
manaj  c:  '      ■   <-  ''■  <  ::  -1  y>''  ■   ■",'■■.    \\:re  hired,  oil  shale  trust  fund  and  other 

impact  monies  were  obtained,  and  an  advisory  group  of  local  leaders,  busim  i  s, 
government,  industry  and  human  service  representatives  was  formed.   A  Human 
Resources  Council  was  started  to  draw  together  coordinative  planning,  and 
identify  needs.   A  recreation  survey  and  plan  were  developed. 

Additional  housing  of  various  price  ranges  was  built  at  a  rapid  pace;  social 
services,  such  as  mental  health,  aid  for  the  handicapped,  and  a  branch  of 
Colorado  Northwest  Community  College,  were  all  being  added  or  expanded.   Some 
conflicts  among  various  interest  groups  and  some  competition  for  funding  have 
of  course  been  inevitable. 

The  "boom"  conditions  which  bring  about  social  changes  with  their  individual 
social-psychological  stresses  have  now  slowed  in  Meeker.   Leaders  now  have 
concern  for  surplus  housing,  unemployment,  etc. 
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A  1981-82  on-going  study  of  social  impacts  upon  Meeker  (Lillydahl  et  al .  1982) 
indicates  that  the  people  of  Meeker  continue  to  treasure  their  beautiful 
natural  environment  with  its  clean  air  and  clean  water. 

A  1975  study  of  350  Meeker  residents  showed  that  while  they  generally 
considered  growth  to  be  inevitable,  18  percent  preferred  no  growth  at  all, 
while  60  percent  preferred  growth  to  3,000  to  5,000,  only  five  percent  wanted 
Meeker  to  grow  to  more  than  10,000.   Significantly,  51  percent  favored   the 
establishment  of  a  new  town  close  to  the  mine  sites  of  Piceance  Basin.   The 
same  question  asked  today  would  probably  show  somewhat  different  results. 

One  local  conflict  of  importance  is  between  the  community  and  an  out-of-state 
development  organization,  the  Bar  70  Enterprises,  which  seeks  to  build  up  to 
5,000  new  housing  units  for  some  20,000  persons  over  the  next  20  years,  on  a 
large  tract  on  the  east  side.   The  local  newspaper  provides  a  running  account 
of  the  conflicts,  and  apparently  the  general  fear  is  that  such  a  large 

Lop  !  t  would  totally  c       he  char  a  tei  of  the   wa       ind  '.      ould 
that  many  people  do  here?". 

Thus  Meeker  has  been  in  a  boom  growth  pattern  for  several  years  but  is 
currently  in  a  slump-   If  the  slump  ends  within  a  reasonable  time  --  say  one 
to  two  years  —  it  is  probable  that  its  occurrence  will  give  the  community  the 
breathing  spell  necessary  to  catch  up  sociologically  with  the  changes  that 
have  occurred. 
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Rangely  is  more  isolated,  less  scenic,  more  arid,  and  has  a  very  different 
historical  setting  than  Meeker.   Distance  from  other  Colorado  towns  has  caused 
it  to  orient  more  to  the  Vernal,  Utah  area,  a  tie  made  more  firm  recently  hy 
the  Western  Fuels  Coal  operation  a  few  miles  east  of  town.   Coal  is  to  be 
taken  by  electric  railroad  to  the  Deseret  Generating  plant  near  Bonanza,  Utah. 

« 
The  drier  climate  supports  less  ranching  and  little  tourism. 

Rangely's  population  jumped  from  100  or  so  to  5,000  during  the  oil  and  gas 
boom  of  World  War  II.   Rangely  is  thus  a  younger  town  than  Meeker,  has  always 

i  energy  1         iti  I  aditions  did  not  grow  out  of  the  usual  ranching 
society  of  northwest  Colorado.   The  to™  has  always  struggled  to  retain  its 
population,  and  both  prepared  for  and  welcomed  energy  development  during  the 
late  1970 's  when  energy  independence  became  a  national  priority. 

Among  Rangely's  preparations  for  growth  was  a  Recreation  District  that 
obtained  financing  for  the  most  complete  recreation  facility  in  the  region. 
Colorado  Northwest  Community  College  has  put  together  a  technical  program 
geared  specifically  to  energy  production;  the  hospital  and  schools  have  low 
occupancy  rates  so  can  absorb  considerable  growth;  planning,  zoning,  and 
stipulations  on  Western  Fuels  for  front-end  financing,  have  made  possible 
further  social  and  economic  impact  mitigations.   Housing  has  continued  to  be 
in  short  supply,  but  recent  purchases  of  land  from  BLM  will  make  possible 
further  expansion  of  the  community. 

Practical  and  political  problems  over  building  a  good  road  to  Rangely  from  C-a 
Tract  continue  to  obstruct  additional  population  from  oil  shale  operations  in 
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Piceance  Basin,  and  a  similar  lack  of  a  good  road  limits  the  numbers  of 
Deseret  Power  Plant  workers  who  might  otherwise  live  there  rather  than  in 
Jensen  or  Vernal. 

Rangely  has  shared  with  Meeker  the  establishment  of  the  county-wide  Advisory 
Group  and  the  Human  Resources  Council.   Some  services  formerly  based  in  the 
county  seat  of  Meeker  now  have  branches  in  Rangely  (for  instance,  the  Mental 
Health  Clinic).   The  two  communities  share  law  enforcement  also. 

The  slump  which  has  affected  Meeker  iind  Rifle  has  not  been  a  big  factor  in 
Rangely  because  it  had  fewer  workers  in  oil  shale,  and  also  because  of  the 
influx  of  workers  for  the  Western  Fuels  mine. 

No  up-to-date  attitude  studies  are  available  for  Rangely,  but  there  probably 
now  exists  some  concern  about  rapid  growth,  a  shift  from  the  highly  positive 
orientations  and  preparations  which  prevailed  until  very  recently. 

A  discussion  of  social  impact  processes  and  their  causes  is  presented  in 
Chapter  IV.   From  it,  the  existing  "boom"  situation  described  here  for  the 
seven  communities  can  be  delineated  and  evaluated  for  on-going  impacts  from 
the  a I ternat ives . 

ECONOMICS 

Impacted  Area 

Economic  data  is  available  only  by  county.   Therefore,  an  impacted  area  for 

economic  analysis  has  to  be  defined  in  terms  of  whole  counties.   The  impacted 
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area  for  this  analysis  consists  of  Garfield,  Mesa,  and  Rio  Blanco  Counties. 
Although  the  proposed  tracts  are  located  in  Rio  Blanco  County,  a  majority  of 
the  work  force  in  neighboring  prototype  Tracts  C-a  and  C-b  lives  in  Garfield 
County,  and  it  is  likely  that  this  pattern  will  continue.   Grand  Junction,  in 
Mesa  Count)r,  is  the  regional  business  and  retail  center  and  receives  a  large 
portion' of  the  secondary  impacts  from  oil  shale  and  other  projects.   Because 
the  southward  patterns  of  commuting  and  purchasing  are  expected  to  continue, 
little  impact  is  projected  for  adjacent  Moffat  County  to  the  north  and  Uintah 
County,  Utah  to  the  west. 

Employment  and  Income 

Employment  and  income  figures  from  1980  are  shown  in  Table  111-10.   The 
construction  and  mining  industries  are  listed  separately  because  these  are 
where  the  primary  impacts  would  occur.   Secondary  impacts  would  be  scattered 
over  a  number  of  other  industries. 

The  figures  in  Table  111-10  are  by  place  of  residence.   For  this  reason  they 
will  differ  from  most  other  employment  and  income  figures,  which  are  by  place 
of  work  and  do  not  take  commuting  into  account. 

Both  Garfield  and  Mesa  Counties  have  diversified  economies.   Garfield  county 
has  an  important  tourist  trade.   Mesa  County  is  a  business  and  manufacturing 
center  and  has  a  large  agricultural  sector.   Rio  Blanco  County,  in  contrast, 
has  a  major  part  of  this  present  economy  based  on  mineral  development. 
Livestock  production  remains  an  important  factor  in  all  three  counties,  but 
has  become  small  numerically  compared  to  the  other  developments.  Rio  Blanco 
County  also  has  a  tourist  trade,  dominated  by  fall  hunting  and  summer  mountain 
recreation. 


TABLE  111-10 
1980  EMPLOYMENT  AND  INCOME 


Number         Percent  of  Total 


Garfield  County 

Total  Employment  11,340  100.0 

Construction  1,241  10.9 

Mining  693  6.1 

All  Other  9,406  83.0 

Total  Labor  Income  (000)              $145,886 


Mesa   County 

Total   Employment  36,607  100.0 

Construction  2,733  7.5 

Mining  2,121  5.8 

All  Other  31,753  86.7 

Total    Labor    Income    (000) 


Rio    Blanco   County 

Total    Employment  4,789  100.0 

Construction  1,097  22.9 

Mining  1,5  63  32.6 

All   Other  2,129  44.5 

Total.   Labor    Income  (000)                                    $91,714 


Source:      BLM  estimates   derived    from: 

Colorado    Division   of    Employment    and    Training.      Colorado   Manpower  Review. 
US   Bureau   of   Economic   Analysis.      Regional   Economic    Information  System. 
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Population 

Table  III-ll  shows  1980  populations. 

Mention  needs  to  be  made  of  Census  county  divisions.   In  cooperation  with 
local  officials,  the  Census  Bureau  divides  most  counties  into  two  or  more 
parts.   Maps  of  the  county  divisions  can  be  found  in  Population  Census 
reports.   In  the  impacted  area,  most  of  which  is  sparsely  populated,  the  great 
majority  of  a  county  divisions  population  is  located  in  or  adjacent  to  its 
communities.   For  this  reason,  and  because  city  boundaries  can  readily  be 
ch  nged,  it  is  believed  that  county  divisions  make  a  better  base  for  projects 
than  present  city  limits.   Therefore,  all  projections  will  be  for  county 
divisions  and  should  be  compared  to  the  1980  division  populations. 

Because  Grand  Junction  has  a  metropolitan- type  development,  the  Clifton  and 
Grand  Junction  Divisions  are  used  to  represent  that  area. 

Uneven  population  distribution  characterizes  the  impacted  area.   The  majority 
is  located  in  the  Grand  Junction  area  of  Mesa  County.   Garfield  County's 
population  is  heavily  concentrated  in  the  central  and  eastern  parts  of  the 
county.   Settlement  in  Rio  Blanco  County  is  clustered  around  its  two 
communities.   Areas  between  these  population  modes  consist  of  sparsely  settled 
ranching  country  and  unpopulated  national  forest. 

Recent  rapid  growth  has  occurred  in  most  of  the  population  centers,  for 
differing  economic  reasons  as  described  in  the  section  on  employment.   Grand 
Junction  is  the  regional  business  and  supply  center  and  is  experiencing  a 
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TABLE  I 11-11 
1980  POPULATION 


County 


Census  County 
Division 


Community 


Garfield  County 

Glenwood  Springs  Division 

Carbondale 

Glenwood  Springs 
Grand  Valley  Division 

Parachute 
New  Castle  Division 

New  Castle 

Silt 
Rifle  Division 

Ri  fie 

Mesa  County 

Clifton  Division 

Palisade 
Grand  Junction  Division  * 

Grand  Junction  * 
Other  Divisions  * 

Rio  Blanco  County 

Meeker  Division 

Meeker 
Rangely  Division 

Range ly 


22,514 


81,530 


6,255 


12,394 

956 
3,943 

5,221 


13, 

,682 

54, 

,222 

13, 

,626 

3; 

,642 

2: 

,613 

2,084 
4,637 

338 

563 
923 

3,215 


1,551 

28,144 


2,356 
2,113 


*  Ten  persons  in  Grand  Junction  live  in  the  Fruita  Division,  but  are  shown 
here  in  the  Grand  Junction  Division 


Source:   Colorado  Division  of  Planning.   1980  Census  Report  Number  2. 


continuing  growth  in  energy  industry  administrative  officers.   Carbondale  and 
Glenwood  Springs  in  eastern  Garfield  County  are  tourist  oriented,  with  growth 
occuring  in  both  summer  and  winter  activities  and  in  recreation  home 
development.   The  four  communities  in  the  center  of  Garfield  County  are 
presently  being  impacted  by  oil  shale  projects  (and  will  probably  continue  to 
be).   Mdeker's  growth  rate  has  slackened  because  of  slow  downs  in  local  coal 
and  oil  shale  projects,  but  Rangely  is  experiencing  a  c  intinued  growth  from 
conventional  oil  and  gas  development.   Except  in  the  Grand  Junction  area,  all 
of  these  communities  are  small  and  thus,  are  highly  subject  to  the  impacts  of 
large  scale  projects. 

A  commuting  pattern  has  been  established  in  which  workers  at  the  oil  shale 
projects  in  Rio  Blanco  County  reside  primarily  in  the  central  Garfield  County 
communities,  particularly  Rifle.   Company  busing  is  a  main  reason  for  this 
pattern,  along  with  the  limited  retail  and  service  facilities  in  Rio  Blanco 
County. 

Housing 

Housing  data  from  the  1980  Census  is  shown  in  Table  111-12. 

Vacancy  levels  indicated  in  the  table  may  not  be  very  meaningful.  Current 
growth  is  putting  pressure  on  the  housing  supply  in  most  of  the  communities, 
especially  those  in  central  Carfield  County.  Considerable  new  housing  has 
been  built  since  1980  in  those  communities  as  well  as  the  Glenwood 
Spr ings-Carbondale  and  Grand  Junction  areas.  Also,  housing  vacancies  will 
include  a  number  of  older  units  in  poor  condition  that  are  not  suitable  to 
include  in  the  future  housing  supply. 
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TABLE  I I 1-12 
1980  HOUSING  UNITS 


Occupied 


Vacant 


Garfield  County 
Carbondale 
Glenwood  Springs 
New  Castle 
Parachute 
Rifle 
Silt 
Unincorporated 

Mesa   County 

Grand   Junction 

Palisade 

Other  &  Unincorporated 

Rio  Blanco  County 
Meeker 
Rangely 
Unincorporated 


8,131 
724 

1,930 
233 
129 

1,170 
331 

3,614 

29,668 

11,766 

585 

17,317 

2,104 
846 
684 
574 


1,214 

106 

230 

22 

15 

200 

26 

615 

2,905 

940 

72 

1,893 

420 

135 

59 

226 


Source:   Colorado  Division  of  Planning.   1980  Census  Report  Number  2 
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Other  Impacted  .Industries 

Agriculture 

Livestock  production  is  the  principal  agricultural  activity  in  Garfield  and 

Rio  Blanco  Counties.   Crop  production  is  dominated  by  hay  for  livestock  use. 

Available  statistics  do'  not  show  earnings  from  livestock  production. 

Preliminary  1980  figures  on  earnings  from  crop  production  are  $6,060,500  in 

Garfield  County  and  $2,906,500  in  Rio  Blanco  County. 

Mesa  county  has  an  important  fruit  growing  industry  in  addition  to  livestock 
prod       and  ]      Crop  prodi  L'ioi     nings  in  1980  totaled  $22,333,000, 
about  one-fourth  of  which  came  from  vegetables. 

Irrigation  is  important  to  agriculture  in  the  region's  dry  climate,  but  more 
so  in  Garfield  and  Mesa  Counties  than  in  Rio  Blanco  County.   Slightly  over 
one-half  of  Rio  Blanco  County's  harvested  acreage  in  1980  was  irrigated, 
•mostly  hay.   Some  pasture  is  also  irrigated,  but  the  amount  is  not  recorded. 

Recreation 

Hunting  is  the  only  significant  recreation  activity  on  the  proposed  tracts.  In 
1979,  an  estimated  total  of  126,300  days  were  spent  by  hunters  in  Rio  Blanco 
County.   At  an  average  of  $6.62  per  day  in  1980  dollars  (derived  from  an 
input-output  model  of  northwest  Colorado),  the  economic  value  to  the  county 
was  about  $840,000.   Hunting  of  deer,  the  most  economically  important  game 
animal,  contributed  some  of  $4  40,000,  or  52  percent  of  the  total. 

local  Government  Finances 
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Area  communities  obtain  most  of  their  revenues  locally.   As  shown  in  Table 
111-13,  local  sources  account  for  67  to  95  percent  of  total  community 
revenues.   These  figures  appear  high  for  two  reasons:   (1)  they  include 
enterprise  funds,  which  are  primarily  funded  by  local  charges,  and  (2)  they 
exclude  large  state  and  federal  grants,  which  are  one-time  items  and  not  part 
of  the  normal  budgets.   This  large  dependence  on  local  sources  means  that  the 
communities  can  be  highly  impacted  by  developments  that  affect  their  tax  base. 

Rough  measures  of  local  funding  sources  are  provided  by  per  capita  figures  on 
assessed  valuation  and  retail  sales.   They  show  that,  in  general,  the  larger 
communities  have  more  susbstantial  property  tax  bases,  but  that  sales  tax 
bases  vary  according  to  individual  circumstances.   The  latter  aspect  is 
important  because  sales  taxes  make  up  from  18  to  48  percent  of  total  community 
revenue  (except  in  New  Castle,  which  does  not  have  one),  with  a  median  figure 
of  26  percent.   Those  communities  having  strong  retail  sales  bases,  generally 
because  they  are  either  business  or  tourist  centers,  will  be  in  a  better 
posil    i  to  hand]        LnanciaJ  ;  ■     ■   i   ;    Lh. 

At  present,  the  communities'  ability  to  increase  these  revenue  sources  is 
restricted.   State  law  imposes  a  seven  percent  limit  on  annual  increases  in 
property  tax  revenues,  and  a  four  percent  ceiling  on  combined  municipal  and 
county  sales  tax  rates.   Since  only  Rio  Blanco  County  presently  has  a  sales 
tax,  two  of  the  communities  have  some  leeway  to  raise  revenues  by  that  means. 

Figures  on  remaining  bonding  capacity  in  Table  IiI-13  show  how  much  major 
capital  improvement  could  be  funded  from  local  resources.   State  law  imposes 
the  ceiling  shown  Ln  footnote  2  of  -the  table  ou  community  general  obligation 
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debt,  except  for  home  rule  cities.   With  a  couple  of  exceptions,  the 
communi ties  have  more  than  half  of  their  bonding  capacity  still  available  for 
use.   However,  rapid  growth  frequently  imposes  capital  requirements  in  excess 
of  most  communities  local  resources.   Although  state  and  federal  assistance  is 
often  available  for  these  needs,  it  is  seldom  enough  to  meet  all  requirements 
and  involves  the  uncertainity  inherent  in  seeking  loan  and  grant  awards. 

TRANSPORTATION 

Three  types  of  transportation  facilities  are  addressed  in  this  EIS:  highways, 
railroads  and  pipelines. 

Highways 

Major  highways  and  county  roads,  which  service  the  general  area  of  the  tracts, 
are  Colorado  13/739  which  runs  from  Rifle  north  to  Meeker,  Craig,  and  Wyoming; 
Colorado  64  which  runs  from  Dinosaur  to  Meeker  through  Rangely;  and  Rio  Blanco 

-_,  Road  > ,  also  kin  n  as  Pic   nc   Creek   >ad   which  Fo       I   j  ! 
Colorado  13/789  and  Colorado  64. 

Che  affected  highways  are  Colorado  13/789,  between  Rifle  and  Meeker;  Colorado 
64,  between  Rangely  and  Meeker;  and  Rio  Blanco  County  Road  5.   Figure  111-16 
shows  the  location  of   icse  highway  segments.   Highway  use  for  these  segments 
is  currently  well  under  capacity.   Highway  use,  capacity,  and  accident 
statistics  are  given  in  Table  111-14.   Colorado  13/789  receives  the  most  use, 
and  also  has  the  largest  number  of  accidents. 
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TABLE    I I 1-14 
AFFECTED  HIGHWAY   SEGMENTS    (1980) 


Segment 

Peak  Hour 

Highway 

PHT/ 

Total 

Fatal 

Segment  Description 

Length    Daily 

Traffic 

Capacity 

Capacity 

Accidents 

Accidents 

Letter   From/To 

(miles)  Traffic 

(PHT) 

at  50  mph 

rate  (%) 

per  year 

per  10  years 

A      2/    Colorado    13    from 

Rifle    to   Rio   Blanco      19.3      1,800  252  865  29  55 

Bl   3/    Southern   half    of    Rio 

Blanco   County    Rd   5         19.0  300  40  850  1/5  8 

B2   3/    Northern   half    of   Rio 

Blanco  County   Rd   5        20.0  200  30  850   1/4  6 

C      2/   Colorado  Highway    13 
From  Meeker    to   Rio 
Blanco  22.3      1,680  235  875  27  44 

D      2/    Colorado   Highway    64 
From  Meeker    to 
County   Road    5  17.1  740  104  820  13  18 

E      2/    Colorado   Highway   64 
From   Rangely    To 
County   Road    5  36.5  630  88  820  11  24 


1/      High      y  capa<  it   40  rather   than  50      Lies   per  !. 

2/      Source:      Colorado   Stace   Department   of    Highways.    (1980  A  and   B) 
3/      Source:      Cathedral   Bluffs   Shale   Oil   Company  (1982) 


1C 


Capacities  for  state  highways  are  figured  with  traffic  able  to  average  about 
50  miles  per  hour,  and  40  wiles  per  hour  for  county  roads. 

Peak  hour  traffic. is  the  30th  highest  amount  of  traffic  that  can  be  expected 
in  an  hour  for  the  year.   It  approximates  the  above  average  rush  hour  traffic. 
The  peak  hour  traffic/capacity  ratio  indicates  approximate  traffic  conditions 
on  the  highway  during  high  use.   If  this  ratio  is  near  85  percent,  momentary 
slowdowns  in  traffic  will  occur.   If  this  ratio  is  near  or  over  100  percent, 
general  traffic  speed  would  be  reduced  to  40  miles  per  hour  on  state  highways 
and  30  miles  per  hour  on  County  Road  5.   As  can  be  seen  in  Table  111-14,  the 
volume  of     ''  '   on  any  gi1  would  ;  ve    to  increase  greatly  for  any 

traffic  congestion  to  occur. 

An  undetermined  amount  of  pavement  damage  presently  occurs  on  these  highway 
segments,  but  there  is  no  large  scale  trucking  of  any  minerals  to  a  railhead 
or  pipeline  terminal. 

Planned  improvements  to  local  highways  include  the  construction  of  a  22  mile 
gravel  surfaced  county  road  between  the  C~a  Tract  and  Rangely  and  a  by-pass  on 
Colorado  13/789  to  be  built  around  Rifle. 

Pipelines 

There  are  presently  no  shale  oil  pipelines  in  the  area.   For  shale  oil  to  be 
transported  with  crude  oil  in  crude  oil  pipelines  it  must  first  be  "sweetened" 
by  removing  sulfur  and  arsenic  along  with  other  impurities.   There  are  several 
crude  oil  pipelines  in  the  area.   An  Amoco  pipeline  laid  in  1947  between  Salt 
Lake  City  and  Casper,  Wyoming  passes  within  35  miles  of  the  tracts  to  the 
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north  near  US  Highway  40.   This  pipeline  has  a  capacity  of  about  60,000 
barrels  per  day. 

A  six  inch  Wesco  pipeline  built  in  the  early  1950' s  runs  between  Bonanza,  Utah 
and  Loma ,  Colorado  near  Grand  Junction.   Approximately  4,000  barrels  per  day 
pass  through  this  pipeline.   Due  to  the  age  and  small  capacity  of  these 
pipelines,  a  large  pipeline  with  a  high  capacity,  suited  to  transporting  shale 
oil  would  need  to  be  built  if  any  large  scale  production  of  oil  shale  began. 

The  La  Sal  Pipeline  Company  has  proposed  a  pipeline  to  run  from  Exxon's  Colony 
Oil  Shale  project  near  Parachute,  Colorado  to  Casper,  Wyoming.   The  pipeline 
would  be  16  inches  in  diameter  with  a  capacity  of  up  to  150,000  barrels  per 
day.   l/hile  there  are  no  firm  plans  for  construction  at  this  time,  this 
pipeline  or  one  similar  would  provide  much  of  the  needed  capacity  to  transport 
shale  oil  out  of  Piceance  Basin.   One  of  the  proposed  laterals  to  the  La  Sal 
pipeline  would  cross  the  northern  portion  of  Tract  C-ll  and  the  central 
p o r ;- :'. on  of  T r ac t  C-l 8 . 

Railroads 

Two  railheads  are  in  this  region.   One  is  located  south  of  Craig,  Colorado, 
the  other  at  Rifle,  Colorado.   Both  are  serviced  by  the  Denver  and  Rio  Grande 
Western  Railroad,  which  services  the  area  between  Denver,  Colorado  and  Salt 
Lake  City,  Utah.   A  rail  system  into  Piceance  Basin  has  been  studied  and 
evaluated,  but  no  construction  plans  have  been  made  ( URS  Engineers  1981). 
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Existing  noise  levels  in  the  tract  site  areas  are  estimated  to  be  40  to  4  5 
decibels  (db).   The  existing  level  of  noise  along  Colorado  Highway  13/789, 
between  Rifle  and  Rio  Blanco  and  along  Piceance  Creek  Road  (County  Road  5), 
between  Ryan  Gulch  and  Rio  Blanco  is  estimated  to  be  69  db  at  50  feet. 

Noise  sources  on-tract  -are  primarily  natural,  such  as  wind,  but  additional 
noise  comes  from  aircraft  and  nearby  roads.   For  comparison  a  normal  suburban 
neighborhood  would  have  a  noise  level  of  approximately  50  db,  and  a  very  noisy 
urban  area  would  have  a  noise  level  of  about  65  db  (National  Academy  of 
Sciences  1977). 

Noise  levels,  for  the  purpose  of  this  analysis,  were  estimated  using 
methodologies  adopted  from  the  National  Academy  of  Sciences  (1977),  and  the 
Department  of  the  Air  Force  et  al  (1976). 

EXISTING  RIGHTS 

Five  rights-of-way  exist  on  Tracts  C-ll  and  C-18.  The  rights-of-way  consist 
of  two  buried  natural  gas  pipelines,  two  access  roads  and  a  buried  telephone 
line  (see  Figure  111-17). 

Three  public  water  reserves  exist  on  Tract  C-ll  (see  Figure  111-17). 

One  hundred  percent  of  both  tracts  are  currently  being  leased  for  oil  and  gas 
consisting  of  twenty-five  leases  (see  Figure  111-18). 
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Proposed  Prototype  Oil  Shale  Lease  Tracts 


SCALE    1:  50.000 


Figure  111-17      Surface  Encumbrance*.  Shows  Location  of  Pipeline,  Road  and  Telephone  Rightl-Of-Way, 
and  Public  Water  Reserves  on  tho  Tracts 
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Proposed  Prototype  Oil  Shale  Lease  Tracts  SCAL 

Figure  111-18     Existing  Oi!  and  Gas  Leases,  Shows  Location  and  Lease  Numbers  on  Both  Tracts 
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As  stated  in  Chapter  II,  the  Bureau  of  Mines  has  a  research  shaft  located  on 
the  eastern  portion  of  Tract  C-1I  (as  shown  in  Figure  1I-)1. 

Approximately  4,557  acres  of  Tract  C-18  is  currently  being  leased  to  Wolf 
Ridge  Corporation  for  the  mining  of  sodium  (Chapter  II,  see  Figure  II-l). 
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CHAPTER   IV 

ENVIRONMENTAL    CONSEQUENCES 

AIR   QUALITY 

As  outlined  in  Chapter  III,  Air  Quality,  several  atmospheric  pollutants  in  the 
study  region  are  approaching  or  exceed  air  quality  standards.   Any  new 
emission  source  in  the  region  would  compound  this  situation.   In  order  to 
determine  the  contribution  of  additional  prototype  developments  to  these 
impacts,  pollutant  concentrations  were  estimated  using  the  Topographic  Air 
Pollution  Analysis  System  (TAPAS) .   TAPAS  is  a  system  composed  of  several  air 
quality-related  computer  models  (principally  WINDS  and  CITPUFF) .   These  models 
predict  the  resulting  ground  level  concentrations  by  taking  into  account 
topography,  ground  cover  (surface  roughness),  wind  speed  and  direction,  and 
industrial  plant  emission  characteristics. 

TAPAS  was  employed  to  determine  worst-case  pollution  concentrations  throughout 
the  region,  particularly  from  long  range  transport  over  complex  terrain  into 
nearby  pristine  areas.   The  following  steps  were  neccessary  during  the 
analysis : 

-  Specification  of  Li:  modeling  region  to  determine  boundaries,  topography, 
ground  cover,  background  pollutant  concentrations,  emission  factors,  sources 
and  sensitive  receptors. 

-  Various  wind  field  analyses  to  determine  the  worst-case  meteoro.logic 
transport  conditions. 


-  Modeling  of  pollutant  sources  concurrently  with  wind  field  analyses. 

-  Scaling  and  combining  various  sources  under  all  analysis  scenarios  to 
determine  predicted  ground  level  pollutant  concentrations. 

i 
Prior  to  applying  the  models,  several  assumptions/conditions  were  established. 

They  are: 

-  Air  quality  standards  violations  would  be  caused  first  under  24  liour 
worst-case  conditions. 

-  Only  Total  Suspended  Particulates  (TSP),  Sulfur  dioxide  (S02)  and 
Nitrogen  oxides  (N0X)  criteria  pollutants  would  be  emitted  in  significant 
amounts . 

A  two-minute  grid  scale  (each  grid  approximately  2.9  by  3.7  km  in  size) 
would  be  large  enough  to  contain  the  most  sensitive  areas  and  still  provide 
adequate  resolution  of  concentration  values. 

Scenarios  and  emission  factors  used  for  tbe  Uinta  Basin  Synfuels  EIS  and 
the  Programmatic  Oil  Shale  EIS  would  be  incorporated  into  the  prototype 
analyses.   Emissions  estimates  would  be  reviewed  by  appropriate  regulatory 
authori  ty. 

-  Emission  rates  for  direct  mining  and  surface  retorting  (DM/SR)  and  mine 
assisted  in-situ  (MAIS)  development  processes  would  be  proportional  to  "Union 


B"  and  "C-b  MIS"  emission  rates,  respectively.   Since  reliable  emissions 
values  for  true  in-situ   development  at  2  5-50,000  bbls/day  capacity  are  not 
available,  this  technique  could  not  be  modeled.   Emissions  will  be  controlled 
by  tbe  Best  Available  Control  Technology  (BACT)  including:  wet/chemical 
supression,  covered  conveyors,  and  baghouse  controls  of  dust;  electrostatic 
precipitation  and  wet  scrubbing  of  combustion  particulates;  low  N0X  burners; 
flue  gas  desulf ur ization;  CO  incineration;  wetting  and  compacting  spent  shale; 
floating  roof  and  conservation  vents  on  fixed  roof  fuel  storage  tanks;  and, 
smokeless  vent  gas  flare  designs. 

-  High  production  levels,  worst-case  analysis  would  be  performed  first  to 
limit  the  amount  of  modeling  necessary  to  screen  pollutant  impacts. 

-  Maximum  emission  levels,  including  major  new  sources  in  addition  to  federal 
oil  shale  development,  would  be  reached  by  2003. 

-  id   :  ■  i  -  '•:  Lng  1:3:.:-'  1     id  basic  m  de]  ng  I  chniq  :s         '   ■";  , 
input;  parameters  would  be  selected  to  minimize  atmospheric  mixing,  including: 
a  west-southwest  wind  at  4  meters  per  second,  an  effective  plume  rise  above 
ground  level  of  300  meters  for  elevated  sources  and  25  meters  for  low-level 

sources,  Pasquill  stability  Class  '.  (stable)  and  a  wet  adiabatic  lapse  rate. 

» 

-  Due  to  the  general,  preliminary  nature  of  the  anticipated  scenarios, 
specific  development  details  are  lacking.   Therefore  air  pollutant  impacts 
must  be  modeled  conservatively  (over-emphasizing  impacts)  and  generically. 
Actual  industrial  development  will  require  detailed  monitoring  and  modeling  to 
obtain  necessary   Lr  quality  permits  (i.e.  detailed  development        lalysis, 
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PSD  permit  review,  Major  Fuel  Burning  Installation  approval,  Colorado  Air 
Contaminant  Emission  Notice  and  Permit,  and  others). 

Results  must  be  evaluated  with  an  understanding  of  the  general  limitations  of 
air  quality  modeling  in  complex  terrain  -  uncertainities  of  an  order  of 
magnitude  could  be  expected.   The  analyses  performed  were  designed  to  provide 
worst-case  estimates  rather  than  average  values.   There  ore,  the  worst  case 
assumptions  and  computer  results  expressed  in  this  environmental  statement 
should  not  necessarily  be  construed  as  a  basis  for  deciding  not  to  lease. 
However,  high  pollutant  concentrations  do  indicate  potential  air  quality 
problem  areas. 

-   Impacts  to  Air  Quality-Related  Values  (AQRVs)  in  sensitive  areas  would  be 
predicted  through  rudimentary  acid  deposition  calculations  and  established 
visibility  screening  analysis  (Latimer  and  Ireson  1980). 

The  following  discussion  summarizes  the  extensive  modeling  results.   A 
detailed  presentation  of  the  modeling  activities  is  found  in  Revised  Air 
Quality  Impact  Assessment  for  the  Supplemental  Environmental  Impact  Statement 
for  the  Prototype  Oil  Shale  Leasing  Program  (Dietrich  et  al  1982b). 

Figure  IV-1  shows  the  region  modeled,  grid  size,  topography,  new  emission 

sources,  and  sensitive  receptor  locations.   Table  IV-1  describes  the  location 

and  production  rates  assumed  for  sources  located  in  Figure  IV-1.  Table  IV-la 

lists  their  respective  emission  totals  and  anticipated  emissions  from 
additional  prototype  development  under  various  scenarios. 
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Figure  IV- 1 
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TABLE  IV-1 
PROJECT  OPERATION  ASSUMPTIONS  ' FOR  MODELED   POINT  SOURCES  a/ 


SOURCE/ PROCESS 


ELEVATION 


LOCATION 
LATITUDE   LONGITUDE 


19  93   LOW 


PRODUCTION    RATE    ■ 
1993   HIGH        2003   LOW      2003   11 IG 


Colorado    Synfucl 
Cathedral   Bluffs/ 

C-b  MIS 
Chevron-Re  tort/ 

Staged    Turbulent 
-Upgrade    Bed 
Colony/Tosco    II 
Mobil/Union   B 
Rio   Blanco/ C-a 

MIS 
Superior-Pacif  ic/ 

Superior 
Union/Union   B 
C~3  3  /C-  b  MIS   o 

Union   B 
C-18/C-b  MIS  or 
■    Union   B 

Colorado   Power    Plants 
Craig/Coal    Fired 
Hayden/Coal    Fired 

Utah   Synfuel 
Enercor-Rainbov.'/ 

Steam  .Extraction 
Paraho-Ute/Paraho 
Sy n tana/ Super ior- 

Tosco    II 
Western/Tar   Sands 
White   River/ 

Superior-Union  B 

Utah  Power  Plant 
Moonlake/Coal  Fired 


2100m 

39° 

48' 

108° 

14' 

0 

21 

21 

2470m 

39° 

37' 

108° 

25' 

0 

50 

50 

1550m 

39° 

19' 

108° 

44' 

0 

50 

50 

2440m 

39° 

37' 

108° 

07' 

48 

48 

48 

2560m 

39° 

32' 

108° 

03' 

0 

0 

0 

2230m 

39° 

53' 

108° 

32* 

0 

50 

50 

1770m 

39° 

32* 

108° 

]  8 ' 

0 

0 

0 

2321 

39° 

2  k  ■ 

108° 

05' 

10 

50 

50 

2000m 

39° 

55* 

108° 

21' 

0 

25 

0 

1980m 

39° 

57' 

108° 

22* 

25 

25 

50 

1920m 

40° 

28' 

107° 

35' 

1340 

1340 

1340 

1980m 

40° 

29' 

107° 

11' 

465 

465 

465 

2130m  39°  44'  109°  08' 

1650m  40°  01'  109°  07' 

1770m  40°  03'  109°  05' 

1800m  40°  14'  109°  16' 

1650m  39°  56*  109°  11' 


1520m     40°  05'   109°  16' 


5 

5 

5 

10 

10 

10 

0 

17 

17 

5 

5 

5 

15 


800 


50 


800 


50 


800 


Synfuel  Summary 
Colorado  Synfuel 
Utah  Synfuel 
Total  Synfuel 


83 

319 

319 

25 

87 

87 

08 

406 

406 

Source:   Dietrich  et  al  1982b 

a/  Synfuel  production  in  1000  barrels  per  day;  power  plant  production  in  Megawatts 


fe 


Source 


TABLE  IV-la 
TOTAL  EMISSION  ASSUMPIIONS  FOR  MODELED  POINT  SOURCES  (gm/sec)  a/ 


1993  Low      1993  High      2003  Low       2003  High 
TSP   S02   NOx   TSP   S02   NOx   TSP   S02   NOx   TSP  SO2   NOx 


Colorado  Synfuel 

Cathedral  Bluffs 

0 

0 

0 

19 

42 

172 

19 

42 

172 

67 

153 

621 

Chevron-retort 

0 

0 

0 

77 

51 

516 

77 

51 

516 

154 

101 

1031 

-Upgrade 

0 

0 

0 

8 

22 

92 

8 

22 

92 

416 

44 

183 

Colony 

34 

40 

.  220 

34 

40 

220 

34 

40 

220 

34 

40 

220 

Mobil 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50 

66 

194 

Rio  Blanco 

0 

0 

0 

39 

14 

117 

39 

14 

117 

78 

28 

233 

Su  pe  r  io  r-Paci  f ic 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

44 

22 

Union 

10 

13 

39 

50 

66 

194 

50 

66 

194 

90 

120 

350 

C-11  -  MAIS 

0 

0 

0 

22 

50 

204 

0 

0 

0 

44 

101 

408 

C-11  -  DM/SR 

0 

0 

0 

25 

33 

97 

0 

0 

0 

50 

67 

194 

C-18  -  MAIS 

22 

50 

204 

22 

50 

204 

44 

101 

408 

44 

101 

408 

C-18  -  DM/SR 

25 

33 

97 

25 

33 

97 

50 

67 

194 

50 

67 

194 

Colorado  Power  Plants 

Craig 

90 

3  71 

742 

90 

371 

742 

90 

371 

742 

90 

371 

742 

Hayden 

23 

348 

245 

23 

348 

245 

23 

348 

245 

23 

348 

245 

Utah  Synfuel 

Enercor-Rainbow 

4 

3 

3 

4 

3 

3 

4 

3 

3 

4 

3 

3 

Paraho-Ute 

0 

0 

0 

6 

12 

32 

6 

12 

32 

27 

50 

134 

1 

0 

0 

0 

1 1 

li. 

52 

11 

11 

62 

36 

206 

'.  rn 

6 

3 

0 

J 

6 

) 

3 

6 

3 

3 

5 

> 

5 

White  River 

8 

6 

34 

27 

19 

115 

27 

19 

115 

55 

38 

230 

Utah  Power  Plant 

Moonlake 

31 

53 

281 

31 

53 

281 

31 

53 

281 

31 

53 

281 

Source:  Dietrich  et  al  1982b 

a_/   Modeled  emissions  for  varying  stack  heights  appear  in  the  supplemental  impact 
analysis  technical  report  (Dietrich  et  al  1932b) . 
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Although  too  little  information  is  available  to  adequately  define  regional 
background  pollutant  concentrations  throughout  the  study  area,  a  rudimentary 
estimate  of  future  pollutant  levels  for  specific  areas  is  possible ' based  on 
extensive  work  by  PEDCO  Environmental,  Inc.  (1982)  and  Systems  Applications, 
Inc.  (1982).   As  detailed  in  Dietrich  et  al .  (1982a),  primary  increases  in  TSP 
levels  would  be  due  to  population  growth  and  mining  activities. 

Increases  in  TSP  for  population  centers  were  estimated  by  scaling  current 
(1978-82)  pollutant  levels  by  increased  population  projects.   Concentration 
values  were  only  projected  in  areas  with  significant  current  population  or 
industry:  rural  and  wilderness  areas  were  assumed  to  remain  at  the  1978-3  982 
concentration  indefinitely.   Worst-case  background  TSP  additions  due  to 
surface  coal  mines  were  calculated  using  precedures  outlined  by  Turner  (1969). 
It  was  assumed  that  the  only  significant  background  increases  in  SO2  an<J 
N0X  would  result  from  the  major  point  sources  modeled  separately  with  TAPAS. 
Table  IV-lb  displays  anticipated  background  TSP  concentration  levels  in  1993 
and  2003. 

As  summarized  in  Chapter  III,  Affected  Environment  and  in  Table  IV-lb,  nearly 
every  town  in  the  study  area  violates  the  TSP  Ambient  Air  Quality  Standard. 
The  significance  of  TSP  violations  will  change  once  the  EPA  implements  a  fine 
particulate  standard.   The  most  probable  pollutants  that  will  increase  in 
towns  will  be  TSP,  N0X  and  CO,  but  it  is  beyond  current  modeling 
capabilities  to  accurately  predict  regional  pollutant  levels  due  to  secondary 
sources  20  years  into  the  future;  further  efforts  will  need  to  be  developed  to 
determine  impacts  from  non-major  emitting  facilities. 


% 


'  TABLE  IV- lb 
EXPECTED  "WORST-CASE"  2  4-HOUR  MAXIMUM  TSP  CONCENTRATIONS  (mircrograms/cubic  meter) 

HIGH  LEVEL  PRODUCTION  SCENARIO 


Sensitive  Areas 


19  93 


2003 


Class  I  Areas 


Flat  Tops  wilderness 
Mt .  Zirkel  Wilderness 


200-280 
90-150 


360-480 
90-150 


Category  I  Areas 

Dinosaur  Nat'l  Mont. 

Developed  Class  II  Areas 

Craig 

Glenwood  Springs 

Grand  Junction 

Me  eke  r 

Rangely 

Rifle 


80-130 


200-300 
150-380 
110-220 
40-120 
140-180 
190-570 


90-150 


200-350 
150-450 
160-370 
100-270 
410-680 
210-570 


Rural  Class  II  Areas 


Roan  Cliffs 
Grand   Hogback 
Sasl     of  ■     i 

Ne  a  r   I  io  r  s  e    Or  aw 


UT 


190-310 

180-240 

I 

80  -130 


310-510 
210-230 

! 
460-750 


Source:  Dietrich  et  al  1982b;  PEDCO  Environmental,  Inc.  1982;  and  Systems 
Applications,  Inc.  1982. 

NOTE:   Ranges  are  based  on  very  limited  monitored  data  or  interpolated  modeled  data. 
Ranges  were  calculated  for  mateorologic  conditions  which  are  different  than 
the  conditions  assumed  for  the  point  source  impact  analyses.   These  values 
cannot  be  added  to  estimate  a  total  impact.   Values  for  areas  outside 
developed  towns  are  highly  uncertain,  but  represent  expected  worst-case. 


TABLE  IV-2 
EXPECTED  "WORST-CASE"  24-HOUR  MAXIMUM  POLLUTANT  CONCENTRATIONS  (micrograms/cubic  met 

2003  HIGH  LEVEL  MINE  ASSISTED  IN-SITU  SCENARIO 


No  Action  Alternative 

Leasing  Al te 

mat  ive 

Sensitive  Areas 

TSP 

S02 

N0X 

TSP 

S02 

N0X 

Class  I  Areas 

Flat  Tops  Wilder 

ness 

5-13 

2-5 

U 

1-4  2 

5-13 

2-5 

18-42 

Clievron-Retort 

21% 

37% 

4  5% 

21% 

37% 

45% 

Chevron- Upgrade 

1% 

4% 

2% 

1% 

4% 

2% 

Union 

39% 

30% 

25% 

39% 

30% 

25% 

Mobil 

37% 

27% 

24% 

37% 

27% 

24% 

Colony 

2% 

1% 

3% 

2% 

]% 

3% 

Supe  rior-Pacif ic 

<1% 

1% 

1% 

■  <1% 

1% 

1% 

Mt  .•  Zirkel  Wilderness 

0-1 

6-15 

L 

f-11 

0-1 

7-16 

6-14 

Hayden  Power  Plant 

mo% 

100% 

100% 

7  9% 

95% 

76% 

Tract  C^ 18 

0% 

0% 

0% 

18% 

5% 

22% 

'.  i  act  C-ll 

0% 

0% 

0% 

3% 

1% 

2% 

Category  I  Areas 

Dinosaur  Nat'l  Monument 

2-5 

2-6 

u 

!-28 

2-5 

2-6 

12-28 

Syntana 

38% 

27% 

3  7% 

38% 

27% 

37% 

Moonlake  Power 

Plant 

17% 

25% 

27% 

17% 

25% 

27% 

Paraho-Ute 

17% 

46% 

20% 

17% 

4  6% 

20% 

White  River 

23% 

<1% 

15% 

23% 

<1% 

15% 

Western 

4% 

2% 

1% 

4% 

2% 

1% 

Class  II  Areas 

Roan  Cliffs 

143-343 

44-105 

310- 

■744 

143-343 

44-105 

310-744 

Union 

>99% 

99% 

99% 

>99% 

99% 

99% 

Chevron,  Mobil, 

Colony 

<1% 

1% 

1% 

<1% 

1% 

1% 

Grand  Hogback 

57-137 

106-2  53 

263- 

631 

57-137 

106-253 

263-631 

Union 

85% 

91% 

90% 

85% 

91% 

90% 

Colony 

14% 

2% 

4% 

14% 

2% 

4% 

Mobil 

<1% 

6% 

5% 

<1% 

6% 

5% 

Chevron,  Superior 

1% 

1% 

1% 

1% 

1% 

1% 

East  of  Bonanza, 

UT 

63-151 

3-7 

180- 

•4  33 

63-151 

3-7 

180-433 

Paraho-Ute 

84% 

91% 

7  8% 

84% 

91% 

78% 

White  River 

16% 

9% 

22% 

16% 

9% 

22% 

Near  Horse  Draw 

0 

0 

0 

12-30 

5-11 

20-48 

Tract  C-18 

— 

— 

— 

100% 

100% 

100% 

Source:   Dietrich  et  al  1982b  (West-Southwest  influencing  wind  of  four  meters  per 
second,  "Class  E"  stability) 


Note:  Maximum  impact  from  all  facilities  in  each  sensitive  area  may  not  be  identical 
to  the  point  of  maximum  impact  for  each  individual  project. 


Table  IV-2  summarizes  the  maximum  24  hour  predicted  concentrations  for  TSP, 
SOp.  and  N0X  from  new  sources  in  2003,  and  the  proportion  various  major 
emission  sources  contribute  to  the  maximum.   it  should  be  noted  that  the  point 
of  maximum  impact  from  all  facilities  may  not  be  identical  to  the  point  of 
maximum  impact  for  each  individual  source. 

Even  without  additional  prototype  oil  shale  leasing,  air  quality  impacts  are 
predicted  in  the  PSD  Class  II  areas.   Depending  on  the  relationship  between 
the  predicted  pollutant  concentration  range  and  the  corresponding  standard, 
the  potential  for  increment  consumption  is  described  as  high,  moderate  or  low. 
Although  local  scale  modeling  would  refine  the  predictions,  TAPAS  results 
indicate  a  high  potential  that  TSP  increments  will  be  exceeded  along  the  Roan 
Cliffs  and  the  Grand  Hogback  north  of  Rifle,  Colorado,  and  east  of  Bonanza, 
Utah.   It  is  highly  probable  that  S02  increments  will  also  be  exceeded  along 
the  Grand  Hogback,  and  there  is  a  low  potential  for  SO9  exceedances  along 
the  Roan  Cliffs. 

The  modeling  analysis  indicates  (with  a  low  potential)  that  the  Colorado 
Category  I  SO2  increment  will  be  exceeded  within  Dinosaur  National  Monument. 
There  is  a  moderate  potential  that  Class  I  TSP  increments  will  be  exceeded 
within  Flat  Tops  Wilderness  and  a  low  potential  that  SOp  increments  will 
also  be  exceeded.   It  may  appear  (from  Table  IV-2)  that  SOp  increments  in 
Mt .  Zirkel  may  also  be  exceeded,  but  the  sole  source  of  impact  is  a 
"non-increment  consuming"  facility,  for  which  PSD  increment  considerations  do 
not  apply.   These  impacts  are  based  on   2003  high  level  emissions  without  any 
additional  federal  leases. 


TABLE  IV-2 
EXPECTED  "WORST-CASE"  24-HOUR  MAXIMUM  POLLUTANT  CONCENTRATIONS  (micrograms/cubic  meter) 

2003  UIGi  LEVEL  MINE  ASSISTED  IN-SITU  SCENARIO 


No  Action  Alternative 


Sensitive  Areas 


TSP 


SO- 


NO, 


Leasing  Alternative 
TSP      S02      NOx 


Class  I  Areas 

Flat  Tops  Wilderness 

5-13 

2-5 

18 

.-42 

5-13 

2-5 

18-4  2 

Chevron-Retort 

21% 

37% 

45% 

21% 

37% 

45% 

Chevron-Upgrade 

1% 

4% 

2% 

1% 

4% 

2% 

Union 

39% 

30% 

25% 

39% 

30% 

25% 

Mobil 

37% 

27% 

24% 

37% 

27% 

24% 

Colony 

2% 

1% 

3% 

2% 

1% 

3% 

Superior- Pacific 

<1% 

1% 

1% 

•  <1% 

1% 

1% 

Mt.  Zirkel  Wilderness 

0-1 

6-15 

h 

-11 

0-1 

7-16 

6-14 

Hay den  Power  Plant 

100% 

100% 

100% 

79% 

95% 

76% 

Tract:  C--18 

0% 

0% 

0% 

18% 

5% 

22% 

Tract  C-ll 

0 

0% 

0/ 

3% 

1% 
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Category  I  Areas 

Dinosaur  Nat'l  Monument 

2-5 

2-6 

12 

-28 

2-5 

2-6 

12-28 

Syntana 

38% 

27% 

37% 

38% 

27% 

37% 

Moonlake  Power  '. 

Plant 

17% 

25% 

27% 

17% 

25% 

27% 

Paraho-Ute 

17% 

46% 

20% 

17% 

46% 

20% 

White  River 

23% 

<1% 

15% 

23% 

<1% 

15% 

Western 

4% 

2% 

1% 

4% 

2% 

1% 

Class  II  Areas 

Roan  Cliffs 

143-343 

44-105 

310- 

744 

143-343 

44-105 

310-744 

Union 

>99% 

99% 

99% 

>99% 

99% 

99% 

Chevron,  Mobil, 

Colony 

<1% 

1% 

1% 

<1% 

1% 

1% 

Grand  Hogback 

57-137 

106-2  53 

263- 

631 

57-137 

106-253 

263-631 

Union 

85% 

91% 

90% 

85% 

91% 

90% 

Colony 

14% 

2% 

4% 

14% 

2% 

4% 

Mobil 

<1% 

6% 

5% 

<1% 

6% 

5% 

Chevron,  Superior 

1% 

1% 

1% 

1% 

1% 

1% 

East  of  Bonanza, 

UT 

63-151 

3-7 

180- 

433 

63-151 

3-7 

180-4  33 

Paraho-Ute 

84% 

91% 

78% 

84% 

91% 

78% 

White  River 

16% 

9% 

22% 

16% 

9% 

22% 

Near  Horse  Draw 

0 

0 

0 

12-30 

5-11 

20-48 

Tract  C-18 

— 

— 

— 

100% 

100% 

100% 

Source:   Dietrich  et  al  1982b  (West-Southwest  influencing  wind  of  four  meters  per 
second,  "Class  E"  stability) 


Note:  Maximum  impact  from  all  facilities  in  each  sensitive  area  may  not  be  identical 
to  the  point  of  maximum  impact  for  each  individual  project. 
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If  additional  prototype  federal  lease  developments  occur  at  the  2003  high 
level,  regardless  of  production  level  or  process,  no  additional  exceedance  of 
PSD  increments  is  predicted.   Figures  IV-2,  IV-3  and  IV-4  show  these 

anticipated  ground  level  concentrations  for  TSP,  SO2  and  N0X> 
respectively,  assuming  all  sources  at  highest  production. 

To  assess  the  contribution  of  anticipated  prototype  leasing  to  the  above  total 
concentrations,  impacts  for  these  sources  were  modeled  independently  for  two 
development  techniques  at  four  production  levels.   Results  are  summarized  in 
Table  IV-3  and  IV-4,  and  displayed  in  Figures  IV-5,  IV-6  and  IV-7.   No 
exceedance  of  PSD  increment  is  predicted  due  solely  to  additional  prototype 
lease  development,  but  at  the  2003  high  level,  32  to  92  percent  of  Class  II 
TSP  increment  may  be  consumed. 

As  recommended  by  the  EPA  in  their  Uorkbook  for  Estimating  Visibility 
Impairment  (Latimer  and  Ireson  1980),  a  bevel  1  screening  analysis  was 

d  ij   ■  ;  to  a...  s        '.'<■;        ,  Lenient  from  the  pr<     1  proi  type  '  i 
development.   Results  of  the  analysis  (Dietrich  et  al  1982b),  indicate  that 
development  at  50,000  bbl/day  or  less  by  either  processing  technique  is  highly 
unlikely  to  cause  significant  visibility  impairment  in  the  existing  or 
proposed  PSD  Class  I  areas  in  tin.;  study  region.   Further  screening  analyses 
beyond  the  Level  1  eva  ■  ition  are  necessary  to  assess  potential  visibility 
impairment  in  Dinosaur  National  Monument  (proposed  Class  I)  with  development 
by  either  process  at  100,000  bbl/day  and  within  Flat  Tops  Wilderness  (existing 
Class  I  area)  with  the  mine  assisted  in-situ  technology  at  100,000  bbl/day. 
In  this  case,  the  likelihood  of  visibility  impairment  could  best  be  reducer!  by 
lowering  N0X  and  TSP  emissions.   Since  detailed  development  data  is 
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Figure  IV- 2 
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wind  of  four  meters  per  second,  "Class  E"  stability) 


<T 


&3<yRP,m  PR0T0TYPP  RNflLYSIS 


GR0UND   LEVEL   CBNCENTRATI0NS 


I  "00' 


! 


SCALE 


I 


Figure  IV- 3    Air  Quality  Ground  Level  Concentrations  for  Mine   o 
Assisted  In-Situ,  High  Production  for  S0? ,  All 
Peine  Sou  •   ; 

(Micrograms  per  cubic  meter;  contours  from  1.0 
in  increments  of  5.0;  West-southwest  influencing 
wind  of  four  meters  per  second,  "Class  E"  stability) 
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Figure    IV- 5 


Air  Quality  Ground  Level  Concentrations  for  Mine 
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C-ll  and  C-18  Only 
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in  increments  of  5.0;  West-southwest  influencing 

wind  of  four  meters  per  second,  "Class  E"  stability) 
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Figure  IV- 6    Air  Quality  Ground  Level  Concentrations  for  Mine 
Assisted  In-Situ,  High  Production  for  S02,  Tracts 
C-ll  and  C-18  Only 

(Micrograms  per  cubic  meter;  contours  from  1.0 
in  increments  of  5.0;  West-southwest  influencing 
wind  of  four  meters  per  second,  "Class  E"  stability) 
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Figure  IV-7 
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wind  of  four    r.ers  per  second,  "Class  E"  stability) 
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TABLE    IV-3 

EXPECTED    "WORST- CASE"    24-HOUR   MAXIMUM    POLLUTANT    CONCENTRATIONS 

(micrograms/cubic   meters) 
IMPACTS   FROM   MINE   ASSISTED    IN-SITU    PROTOTYPE    DEVELOPMENT   ONLY 


CLASS    II   MAXIMUM  MT.    ZIRKEL   WILDERNESS 

Production    Scenario        TSP  S02  NOx  TSP  S02  NOx 


No  Action 

0 

0 

0 

0 

0 

0 

25,000  bbl/day 

3-- 7 

1-3 

5-12 

0 

<1 

0-1 

50,000  bbl/day 

6-15 

2-6 

10-24 

<1 

<1 

1-2 

100,000  bbl/day 

12-30 

5-11 

20-4  8 

<1 

0-1 

1-3 

PSD  Increment 

37 

91 

■—•  — 

10 

5 



Source:    Dietrich   et    al    1982b    (West-Southwest    influencing   wind    of    four 
meters    per    second,    "Class    E"    stability). 


TABLE    IV -4 
EXPECTED    "WORST-CASE"    24-HOUR   MAXIMUM    POLLUTANT    CONCENTRATIONS 

(micrograms/cubic   meters) 
IMPACTS    FROM   DIRECT  MINING   AND    SURFACE   RETORTING    PROTOTYPE    DEVELOPMENT   ONLY 


CLASS    II    MAXIMUM  .     MT.    ZIRKEL   WILDERNESS 

Production   Scenario        TSP  SO2  NOx  TSP  SO2  N0X 


No  Action 

0 

0 

0 

0 

0 

0 

25,000  bbl/day 

3-8 

1-2 

2-6 

<1 

<1 

<1 

50,000  bbl/day 

7-17 

2-4 

5-11 

<1 

<1 

0-1 

100,000  bbl/day 

14-34 

3-7 

9-23 

<1 

0-1 

0-1 

PSD  Increment 

37 

91 

_— _ 

10 

5 

Source:    Dietrich    et   al    1982b    (West—Southwest    influencing   wind    of    four 
meters    per    second,    "Class    E"    stability). 
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unavailable,  Level  2  and  Level  3  analyses  could  not  be  performed.   Further 
analyses  will  be  required  during  the  PSD  permit  review  process. 

Impacts  to  other  AQRV's  in  PSD  Class  I  areas  are  also  a  concern  as  air 
contaminant  levels  increase;  particularly  sulfur  and  nitrogen-related 
compounds.   However,  current  knowledge  of  pollutant  transport  and  chemical 
transformation  is  limited,  and  the  general  processes  affecting  AQRV's  are  not 
well  understood.   A  rudimentary  assessment  of  worst-case  24  hour  deposition  in 
the  study  area  was  performed  by  Dietrich  et  al  (1982b)  assuming  that  elemental 
sulfur  and  nitrogen  deposits  are  solely  formed  from  SO2  and  N0X> 
respectively.   It  must  be  emphasized  that  deposition  values  were  calculated 
from  worst-case  concentrations  at  a  single  point;  concentration  values  drop 
rapidly  at  surrounding  points  (each  grid  point  represents  nearly  11  km2;  the 
Flat  Tops  Wilderness  Area  is  nearly  950  km2  in  size).   Ranges  were 
calculated  based  on  the  point  of  maximum  predicted  pollutant  concentration 
within  Flat  Tops  Wilderness  due  to  additional  prototype  development  only  and 
duo  to   !   an  :■■■'.  :led  point  soi  iri  :s  (Co        Lternatlve) « 

High  elevation  terrain  in  the  west  is  particularly  susceptible  to  acid 
deposition  due  to  large  amounts  of  orographically  induced  precipitation  and 
the  generally  unreactive  geologic  structure.   A  survey  of  lakes  in  the  Flat 
Tops  Wilderness  has  beei  conducted  by  the  U.S.  Geological  Survey  (Turk  1982) 
to  identify  existing  geologic  and  hydrologic  conditions.   Potential  shifts  in 
lake  acidity  were  calculated  based  on  this  survey  for  two  locations:   Ned 
Wilson  Lake  (poorly  buffered,  pH  =  7.0)  and  Lower  Marvine  Lake  (well  buffered, 
PH  -  8.3). 
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Based  on  rudimentary  calculations  under  the  highest  production  scenario, 
"worst-case."  single  point  sulfur  and  nitrogen  deposition  rates  would  range 
from  0.5  to  1.1  and  1.2  to  3.2  kilograms  per  hectare-year,  respectively. 
These  deposition  rates  are  not  anticipated  to  effect  the  pH  of  Lower  Marvine 
Lake  but  could  lower  Ned  Wilson  Lake  to  a  pH  between  6.8  and  5.5.   What  effect 
a  pH  change  of  this  magnitude  might  have  on  the  biota  is  unknown,  but  it  must 
be  emphasized  that  these  values  are  very  premliminary  and  "worst-case".   A 
similar  survey  of  Mt .  Zirkel  Wilderness  has  not  been  performed,  but  that  area 
may  be  more  sensitive  to  acid  deposition  than  Flat  Tops  Wilderness  due  to 
higher  precipitation  and  typically  less  reactive  bedrock. 

In  summary,  pollutant  emissions  from  direct  development  of  additional 
prototype  leases  and  induced,  secondary  sources  will  have  an  "unavoidable, 
adverse  impact"  on  air  quality,  bat  since  all  predicted  impacts  are  less  than 
the  applicable  PSD  increments,  these  impacts  would  be  minimal.   Substantial 
impacts  to  air  quality  will  be  caused  by  other  private  industrial  sources  in 
the  region.   Stipulations  in  new  oil  shale  leases  will  assist  in  minimizing 
impacts  by  requiring:  compliance  with  all  applicable  air  quality  statutes, 
regulations  and  standards;  a  baseline  and  continuing  on-site  air 
quality/meteorology  monitoring  program;  an  approved  air  quality  control 
program;  and  specifically  requiring  "sprinkling,  oiling,  or  other  means  of 
dust  control"  on  roads  and  generally  "make  every  reasonable  effort  to  avoid 
...  dust  problems"  (Environmental  Stipulations  of  the  lease,  Section  8). 

After  2013,  (for  modeling  purposes)  .when  the  developed  area  will  be  stabilized 
and  decommissioned,  no  direct  impacts  to  air  quality  will  remain,  but 
irreversible  and  irretrievable  damage  could  occur  because  of  established 
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urbanization  in  the  region.   Additionally,  short-term  impacts  to  air  quality 
may  be  alleviated  by  natural  cleansing  processes,  but  cumulative  impacts  to 
human  health  and  vegetation  could  remain  after  mine  abandonment.   Uncommmited 
mitigation  of  these  impacts  could  include  additional  control  of  emissions  from 
existing  sources,  increased  study  of  pollutant  impacts  to  AQRVs ,  and 
additional  background  monitoring  to  better  assess  regional  impacts. 

CLIMATE 

In  the  area  immediately  surrounding  a  shale  oil  development,  local  wind 
patterns  may  be  affected  by  alteration  of  the  topography  or  building 
construction.   Land  clearing  could  alter  the  reflection  and  evapotranspiration 
of  the  ground  resulting  in  temperature  and  humidity  changes.   Industrial 
cooling  towers  would  also  affect  humidity  and  could  increase  the  occurance  of 
ground  fog.   All  of  these  potential  impacts  would  be  very  localized  and  most 
would  be  mitigated  through  vegetative  reclamation  and  the  eventual 
Loning  oJ  I  :  !•   ;  i      ■     i  I     '■'/■ 

Industrial  combustion  sources  all  produce  fine  particulates  and  carbon  dioxide 
which  ma)'  lead  to  global  temperature  changes  (Council  on  Environmental  Quality 
1981),  but  development  of  additional  prototype  lease  tracts  would  contribute 
insignificantly  on  this  scale.   No  significant  impacts  to  regional  climate  £ire 
anticipated  due  to  any  of  the  proposed  lease  action  alternatives. 

GEOLOGY  AND  MINERAL  ACTIVITY 

No  Action  Alternative 
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With  the  exception  of  current  oil  and  gas  exploration  and  possible  development 
of  the  existing  and  Preference  Right  Lease  Applications,  no  additional  impacts 
on  the  mineral  resources  of  the  two  tracts  would  occur  under  the  No  Action 
Alternative.   Current  oil  and  gas  exploration  and  field  development  programs 
could  proceed  on  schedule  without  interference  from  oil  shale  development. 
Construction  of  the  proposed  LaSal  pipeline,  designed  to  cross  through  Tracts 
C-ll  and  C-18,  could  proceed  unimpeded  if  rescheduled. 

The  mineral  resource  beneath  the  lease  tracts  would  remain  intact  except  for 
portions  of  Tract  C-18  that  night  be  developed  under  existing  sodium  leases. 
Assuming  th<  t  advani  es  and  breakthroughs  in  mining  and  retorting  technologic; 
might  occur  as  the  result;  of  development  at  existing,  private  and  Federal  oil 
shale  sites,  future  production  of  oil  shale  and  associated  minerals  from  these 
tracts  could  possibly  win  a  larger  percentage  of  the  in  place  resource  if 
leased  at  a  later  date. 

The  approved  mine  plan  prepared  by  Multi  Minerals  Corporation  for  the  sodium 
lease  on  Tract  C-18  calls  for  mining  from  several  zones  an  average  6.5  foot 
thick  zone  of  nahcolite  and  oil  shale  from  the  saline  zone.   Oil  shale 
recovered  from  the  room-and-pillar  operation  will  be  stockpiled  on  the  surface 
until  sufficient  areas  have  been  mined  to  allow  backfill  and  underground 
storage  (approximately  5  years). 

Underground  storage  in  mined-out  rooms  will  protect  the  oil  shale  from 
weathering  and  deterioration  but  would  require  a  variance  from  the  Mine  Safety 
and  Health  Administration  (MSHA)  for  backstowing  with  a  combustable  material. 
Backfilling  will  also  help  prevent  subsidence,  thereby  protecting  overlying 
oil  shale  resources. 
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Projected  mining  rates  will  produce  1,670,000  tons  of  nahcolite  ore  per  year. 
Approximately  400,000  tons/year  of  low-grade  (oil  shale)  material  will  be 
stored  and  ultimately  backfilled  in  the  mine.   This  would  result  in  a 
projected  permanent  loss  of  270,000  tons/year  of  low-grade  ore.   Over  a  50 
year  mine  life,  a  total  of  13.5  million  tons  of  oil  shale  will  be  lost  than 
0.3  percent  of  the  estimated  recoverable  shale  oil  on  the  lease  tract- 
Three  additional  Sodium  Preference  Right  Lease  Applications  (PRLAs)  are  being 
evaluated  by  the  Bureau  (Chapter  II,  Section  B),   If  the  leases  are  issued 
then  subsequent  mine  development  is  expected  to  proceed  under  this 
alternative . 

Development  Alternatives 

Leasing  Tracts  C-ll  and  C-18  will  impact  the  mineral  resources  on  10,236.22 
acres.   Only  a  small  percentage  of  in  place  resources  are  recoverable  by 
I  Imologj      Appr  20  p  totaJ   '. ;  sb 

resource,  14  percent  of  the  in  place  nahcolite  and  13  percent  of  the  estimated 
dawsonite  can  feasibly  be  recovered.   Using  the  most  advanced  mining,  milling 
and  retorting  processes  currently  available  will  result  in  an  approximate 
permanent  loss  of  at  least  80  percent  of  the  estimated  resource  as  unmined 
intervals,  pillars,  and  process  inefficiencies  (see  Table  IV-5,  Estimated 
Impact  on  Resource  Base  of  Tracts  C-ll  and  C-18)  with  nominal  improvements  in 
extractive  technology,  the  amount  of  resource  recovery  would  improve 
significantly. 
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The  development  of  oil  shale  and  sodium  mining  operations  on  Tracts  C-ll  and 
C-18  will  not  impact  any  other  mineral  resource  except  oil  and  gas.   Possible 
deep  coal  deposits  that  lie  beneath  the  Green  River  Formation  are  remote  in 
the  likelihood  of  being  mined. 

Current  lease  stipulations  require  that  oil  and  gas  drilling  not  interfere 
with  mining  and  recovery  of  oil  shale  deposits  or  result  in  undue  waste  of  the 
oil  shale  resource.   Wells  must  be  cased,  plugged  and  abandoned  if  it  is 
determined  that  they  will  interfere  with  orderly  oil  shale  development. 

I  i  I  I  :  j     i  increases  may  oci  ur  due  to  casing  requirements  to  develop  oil 
and  gas  areas  previously  mined  for  oil  shale.   Minerals  Management  Service 
policy  states  that  while  oil  and  gas  reserves  may  be  developed  simultaneously 
with  the  oil  shale  industry,  drilling  should  not  unduly  interfere  with  solid 
mineral  extraction.   The  currently  proposed  lease  stipulations  protecting  oil 
shale  lands  should  be  enforced  in  areas  of  immediate  development  of  oil  shale 
while,  at  the  same  time,  allowing  continued  drilling  operations. 

These  stipulations  amount  to  complete  subordination  of  oil  and  gas  drilling  to 
oil  shale  development  on  new  leases.  Current  MMS  practices  will  allow  oil  and 
gas  drilling  on  oil  shale  lands  subject  to  the  protection  stipulations. 

The  development  of  underground  mining  does  not  necessarily  preclude  oil  and 
gas  drilling.   Depending  on  well  density,  mining  may  progress  leaving  pillars 
around  each  well  to  protect  its  integrity.   Assuming  a  pillar  with  a  radius  of 
100  feet  is  left  surrounding  each  well,  0.72  acre  of  oil  shale  land  would  be 
lost  per  well.   Estimated  recoverable  shale  oil  is  234,000  to. 410,000 
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bbls/acre.   Each  well  permitted  on  the  lease  tracts  could  conceivably  delay  or 
prevent  the  extraction  of  up  to  295,000  bbls/acre  or  72  percent  of  the 
recoverable  oil  shale  on  the  area  surrounding  the  well.   However,  mining 
across  the  breadth  of  an  approximately  8  square  mile  oil  shale  tract  may  take 
decades.   This  allows  time  for  oil  and  gas  development  to  take  place  on  the 
further  reaches  of  each  tract  prior  to  conflicting  with  shale  oil  and  sodium 
mineral  production. 

Recovery 

Direct  Mining  —  The  oil  shale  interval  is  approximately  1,600  feet  thick  on 
the  lease  tracts  including  the  Mahogany  and  Saline  Zone  shales.   Of  this, 
approximately  40  percent  may  be  economically  mineable.   Assuming  a  maximum 
recovery  of  20  percent  of  the  mineable  oil  shale,  the  net  recovery  of  the  in 
place  resource  is  only  8  percent.   This  assumes  that  all  beds  greater  than  25 
feet  thick  and  averaging  30  gal/ ton  are  mined.   Overall  resource  recovery 
might  increase  to  24  percent  if  it  were  found  to  be  economically  feasible  to 
1   is  thin  as  '■  :"  feet  Ln     :  i  is  . 

Direct  mining  with  surface  retorting  would  allow  mining  to  progress  downward 
on  multiple  mine  levels  through  the  saline  zone  and  within  the  Mahogany  Zone. 

Mine  Assisted  In-Situ  —  Mine  assisted  in-situ  development  has  the  potential 
to  produce  shale  oil  in  commercial  quantities  by  utilizing  wider  intervals  of 
oil  shale  than  can  be  directly  mined  and  surface  retorted.   Resource  recovery 
is  somewhat  improved  over  direct  underground  mining  because  a  longer  interval 
of  resource  can  usually  be  processed.   Up  to  75  percent  of  the  oil  shale 
resource  Ln  a  mining  block  (defined  as  that  shale  either  directly  .  Lned  or 
processed  in-situ)  can  be  expected  to  be  recovered. 
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True  In-Situ  —  Low  oil  recoveries  are  currently  associated  with  true  in-  situ 
processing  due  to  the  large  unretorted  blocks  of  shale  left  in  the  fractured 
formation  or  loss  of  shale  to  formation  overbreakage.   Irregular  fracturing 
patterns  can  cause  the  heat  carrier  to  by-pass  or  channel  around  sections  of 
the  deposit.   Oil  shale  that  is  located  in  the  by-pass  areas  will  not  be 
retorted.   Another  problem  is  that  some  of  the  oil  does  not  reach  the 
production  wells,  but  remains  trapped  in  the  pores  of  the  spent  shale  or 
diffuses  beyond  the  production  wells,  to  be  lost  in  the  surrounding  strata. 

Extraction  of  Minerals  in  the  Saline  Zone 

Tests  performed  at  the  Bureau  of  Mines  facility  at  Horse  1  .  w  indicate  that 
microcrystalline  nahcolite  was  found  to  have  a  compressive  strength  of  15,000 
pounds  per  square  inch  (psi)  as  compared  to  12,000  psi  for  oil  shale.   These 
rock  strengths  indicate  good  potential  for  room-and-pillar  mining  with  large 
room  widths.   Using  room-and-pillar  mining  in  the  saline  zone,  Multi  Mineral 
Corporation  predicts  40  percent  resource  recovery  from  the  Love  Bed  (up  to  12 
feet  thick).   Large  pillars  must  be  left  in  place  to  prevent  mine  subsidence 
and  protect  overlying  aquifers  and  oil  shale  zones. 

Mine  assisted  in-situ  mining  and  processing  will  extract  approximately  10  to 
15  percent  or  more  of  the  in  place  resource  than  will  direct  mining  and 
surface  retorting. 

True  in-situ  processing  may  be  technologically  feasible  for  the  saline  zone. 
In  the  saline  zone,  the  soluble  minerals  would  be  dissolved,  pumped  to  the 
surface  and  recrys tallized .   Oil  shale  would  subsequently  undergo  thermal 
decomposition  to  liberate  kerogen. 


True  in-situ  recovery  of  soluble  sulfur,  sodium  chloride  and  other  saline 
minerals,  and  uranium  has  been  proven  technically  and  economically  feasible  at 
many  locations  throughout  the  country.   Recoveries  are  generally  good,  up  to 
75  percent  for  homogenous  bedded  saline  deposits,  but  are  poor  (less  than  20 
percent)  for  zones  that  must  depend  on  natural  or  induced  fractures  for 
solution  circulation. 

Extraction  of  Minerals  From  the  Leached  Zone 

True  in-situ  recovery  of  shale  oil  from  deep  deposits  (overburden  greater  than 
500  feet)  has  had  limited  testing.   Resource  recovery  from  shallow  deposits  as 
that  of  the  Geokinetics  method  has  generally  been  very  poor  when  compared  to 
recoveries  obtained  by  direct  mining  with  surface  retorting.   The  leached  zone 
(a  deep  deposit),  due  to  its  natural  permeability,  would  be  amenable  to  some 
method  true  in-situ  processing  that  can  take  advantage  of  the  natural 
permeability.   The  permeability  is  due  in  part  to  the  unstable  formation 
ions  i  ha t     L<    clud   Li   ct  minin,   md  mil     listed 

Combination  of  Mining  Techniques  for  Different  Zones 

Of  present,  the  most  apparent  application  of  available  technologies  for 

recovery  of  resource  beneath  either  Tract:  C-ll  or  C-18  would  be  as  follows: 

-   The  upper  two- thirds  of  the  generally  competent  strata  within  the  Mahogany 
Zone  could  be  produced  using  either  direct  mining,  such  as  underground 
room -aud-pillar ,  or  mine  assisted  in-situ.   Using  the  room-and-pillar  method, 
one  and  possibly  two  40  to  60  foot  thick  mine  levels  could  be  produced 
recovering  up  to  50  to  60  percent  of  the  oil  shale  within  the  mine  Levels  for 
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a  20  percent  overall  interval  recovery.   Mine  assisted  in-situ  could  also  be 
used  dev<  Loping  virtually  the  entire  thickness  of  the  upper  Mahogany  Zone 
through  three  direct  mining  levels  and  in  place  retorting  of  the  shale  between 
the  nine  levels.   This  approach  might  improve  overall  recovery  to  possibly  75 
percent  of  the  shale  within  the  area  of  each  rubblized  chamber  for  a  30 
percent  overall  interval  recovery. 

-  The  leached  zone  would  generally  not  be  amenable  to  direct  mining  or  mine 
assisted  in~si'LU  because  of  poor  broken  ground  conditions.   It  night  however, 
be  developed  by  a  method  in  true  in-situ  whereby  super  heated  steam  from  a 
pattern  of  wells,  is  circulated  through  the  perner-ble  ground  canned  by 
solution  cavities  and  brecciation  subsequent  to  natural  groundwater 
dissolution  of  saline  minerals.   Currently,  the  efficiencies  of  the  technique 
are  extremely  poor. 

-  The  saline  zone  could  be  directly  mined,  produced  by  some  adapted  form  of 
modified  in-situ,  or  possible  true  in-situ.   Due  to  the  problems  of 
maintaining  accurate  borehole  alignment,  critical  to  the  latter  method, 
borehole  length  would  have  to  be  limited  probably  necessitating  drilling  from 
overlying  mine  workings.   Overall  efficiencies  of  resource  recovery  would  be 
at  the  lower  limit  of  those  estimated  for  production  of  the  Mahogany  Zone. 

Gassy  Mine  Conditions 

The  Bureau  of  Mines  encountered  gassy  mine  conditions  at  its  experimental 
facility  in  Horse  Draw.   Methane  release  rates  (averaged  over  10  minutes  after 
blasting),  were  measured  to  be  50  cubic  feet  per  ton  of  material  blasted. 
Health  and  safety  precautions  must  be  provided  for  workers  involved 
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In  the  mining  of  oil  shale  and  nahcolite.   Current  health  and  safety 
practices,  such  as  adequate  ventilation  to  disperse  explosive  and  noxious 
gases,  developed  by  the  hard  rock  and  coal  industries  will  be  utilized  in  oil 
shale  production.   Proper  mine  design  and  ventilation  systems  must  be 
developed  to  ensure  adequate  support  to  work  areas. 

Future  Technology  Development 

Research  in  resource  recovery  by  true  in-situ  or  various  combinations  of 
direct  mining  (stoping  and  caving  techniques)  and  mine  assisted  in-situ 
technologies  is  continuing  at  several  locations  in  the  Piceance  Basin  and 
around  the  world.   Major  breakthroughs  that  will  produce  higher  recoveries  at 
low  unit  costs  appear  unlikely  in  the  near  future.   Mine  assisted  in-situ,  as 
developed  at  Occidental's  Logan  Wash  facility,  is  presently  the 
state-of-the-art  in  underground  processing.   Postponing  issuance  of  the 
subject  leases  for  the   short-term  (5-10  years)  in  hopes  of  a  major 
breakthrough  in  technology  is  not  warranted.   Research  and  development  of  mine 
assisted  in-situ  technology  on  the  lease  tracts  in  conjunction  with  direct 
mining  may  provide  the  new  mining  technology  the  industry  currently  needs. 

Resources  Lost  Due  To  Mining  Using  Current  Technology 

An  estimated  1  to  2  billion  barrels  of  shale  oil  may  be  recoverable  from  beds 
at  least  ten  feet  thick  and  averaging  30  gallons  per  ton  on  both  lease  tracts. 
This  is  approximately  20  percent  of  the  estimated  in  place  resource  of  10 
billion  barrels  per  tract. 

The  recovery  of  20  percent  of  the  total  resource  is  based  upon  a  conservative 
extraction-retorting  technology  using  currently  available  room-and-pillar  and 
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surface  retorting  technology.   Employing  mine  assisted  in-situ,  and/or  true 
in-situ  methods  as  well  as  in  combination  would  result  in  recoveries  possibly 
as  much  as  10  percent  more  than  with  direct  mining  alone  (see  Table  IV-5). 

These  lease  tracts  contain  the  thickest  sequences  of  nahcoli te/dawsonite 
bearing  oil  shale  zones  in  the  Piceance  Basin.   Important  oil  and  gas 
resources  are  also  located  in  the  area.   Untried  and  un]  oven  mining  and 
processing  technologies  have  the  potential  of  wasting  vast  quantities  of 
valuable  mineral  resources.   Provisions  for  concurrent,  oil  and  gas  development 
should  be  included  in  lease  stipulations  as  well  as  the  requirement  for 
atti  pted    1]  rccc  •  •    from  both  the  sa]  '    zone  (nahcolite/dawsonite/oil 
shale)  and  leached  zone  (R-6,  Mahogany). 

Impacts  of  Using  Different  Technologies  on  Each  Lease  Tract 

Direct  mining  by  room-and-pillar  methods  would  not  cause  a  significant  impact 
on  adjacent  lease  tracts.   Mining  (by  lease  stipulation)  may  not  progress 
within  100  feet  of  the  lease  boundary.   Assuming  that  subsidence  is  controlled 
by  leaving  large  pillars  and  backfilling,  there  would  be  no  loss  of  resources 
outside  the  mined  area.   Mine  assisted  in-situ  processing  with  backfilling  as 
required,  results  in  little  or  no  subsidence.   Impacts  on  off site  mineral 
resources  would  not  occur.   These  two  mining  methods  could  be  used  without 
interference  or  impact  on  adjacent  lease  tracts  or  on  the  same  lease  tract. 
It  also  appears  possible  to  use  these  methods  either  before  or  following 
drilling  for  oil  and  gas. 

True  in~situ  processing  of  minerals  in  the  leached  zone  could  be  used  taking 
advantage  of  naturally  created  permeability,  but  would  require  significant 
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improvement  in  recovery  efficiencies  to  be  economically  feasible.   True 
in-situ  mining  of  the  saline  zone  would  require  extensive  fracturing  or 
pre-dissolution  of  soluble  minerals  to  establish  necessary  formation 
permeability  and  could  impact  offsite  resources  if  subsidence  could  not  be 
controlled . 

« 
Due  to  the  mining  depths  of  shale  and  nahcolite,  subsidence  is  not  expected  to 

manifest  itself  on  the  surface  as  caused  by  either  abandoned  mine  workings 

(assuming  no  backfilling  of  spent  shale)  or  by  mine  dewatering.   Although 

subsidence  may  take  hundreds  of  years  before  its  effects  reach  the  surface, 

block  fracturing  of  ri   sandstone  strata  and  the  resultant  bridging  of 

unconsolidated  debris  will  fill  the  mine  workings.   Mine  dewatering  that  has 

been  conducted  on  C-a  Tract  has  shown  no  effects  of  subsidence  (at  shallow 

mine  working  depths)  caused  by  the  dewatering.   When  considering  backfilling 

of  spent  shale  material  into  the  mine,  the  potential  of  subsidence  is  even 

less.   Location  of  surface  spent  shale  disposal  sites,  retention  dams,  etc. 

will  be  reinforced  to  allow  for  thicker  support  pillars  underground  in  the 

mine  workings.   Whether  spent  shale  disposal  occurs  either  on  or  off  tract 

(pending  legislation);  disposal  sites  would  have  to  consider  thicker  pillars 

for  support. 

Surface  Mine  Impacts 

Surface  mining  is  economically  attractive  for  large,  low-grade  or  shallow 
buried  deposits  because  it  permits  high  resource  recovery  using  large, 
efficient  mining  equipment.   An  open  pit  mine  could  recover  up  to  50  to  70 
percent  of  the  oil  shale  in  a  very  thick  deposit  beneath  less  than  800  feet  of 
overburden . 
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Open  pit  mining  was  originally  planned  for  Tract  C-a.   The  pit  was  to  have 
started  in  the  northwest  corner  of  the  lease  and  eventually  cover  the  entire 
surface.   Solid  wastes  would  have  had  to  be  initially  stored  offsite  in 
permanent  disposal  sites.   Off-tract  disposal  is  currently  not  allowed  by  the 
Department  of  Interior.   As  a  result,  the  lessee  has  conducted  a  program  to 
demonstrate  mine  assisted  in-situ  techology  for  development  of  the  resource. 
Should  offsite  disposal  be  allowed,  the  lessee  would  return  to  open  pit 
development  of  the  tract  as  open  pit  mining  would  enable  recovery  of  better 
than  5  billion  barrels  of  shale  compared  to  only  L.7  to  2.5  billion  barrels 
from  mine  assisted  processing  and  surface  retorting  of  the  shale. 

On  the  proposed  lease  tracts,  overburden  is  from  900  to  1,200  feet  thick. 
This  overburden  thickness  would  preclude  surface  mining  despite  the  apparently 
favorable  stripping  ratio.   While  removing  1,000  feet  of  overburden  to  recover 
2,000  feet  of  shale  might  be  possible  in  theory,  the  pit's  boundaries  would  be 

:t  n  :  ■  that  It  would  have  I   I  i  Lo<  ate  I  on  a  n  cl  I  i  ger  tract. 
Furthermore,  the  large  "front-end"  investment  required  to  removing  overburden 
years  in  advance  of  retorting  would  probably  make  open  pit  mining  on  these 
tracts  uneconomical.   Proposed  plans  for  a  "migrating"  open  pit  to  move 
through  that  portion  of  the  Piceance  Basin  where  the  overburden  is  shallow 
enough  to  economical!;    :cover  oil  shale,  may  not  affect  the  lease  tracts. 

FL00DPLAINS 

Executive  Order  11988  requires  agencies  to  avoid,  to  the  extent  possible,  the 
long  and  short-term  adverse  impacts  associated  with  the  occupancy  and 
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modification  of  floodplains,  and  to  avoid  direct  or  indirect  support  of 
floodplain  development  whenever  there  is  a  practical  alternative.   If  an 
action  must  be  located  on  a  100  year  floodplain,  the  order  requires 
minimization  of  potential  harm  to  people  and  property  and  to  the  natural  and 
beneficial  floodplain  values.   For  the  purpose  of  this  action,  development 
within  the  floodplains  should  be  avoided  wherever  possible,  and  if 
unavoidable,  impacts  must  be  minimized  as  stated  above.   Floodplains 
associated  with  the  lease  tracts  are  described  in  Chapter  111,  Floodplains. 

ALLUVIAL  VALLEYS 

Alluvial  valleys  may  be  affected  in  three  ways:   1)  groundwater  syst 
disruption  of  water  quantity  and  quality  caused  by  mine  development  and 
subsurface  retorts,   2)  surface  disturbing  activities  such  as  spent  shale 
disposal  placement  and  topsoil  borrow  areas  for  reclamation,  and   3)  increased 
sedimentation  or  erosion.   Effects  of  any  mine  development  and  retort  scenario 
upon  groundwater  contribution  to  the  quality  and  quantity  of  water  in  alluvial 
valleys  is  explained  in  more  detail  under  Chapter  IV,  Hydrology.   Surface 
disturbances  caused  to  the  alluvial  valley  will  be  more  extensive  under  the 
direct  mining  and  surface  retort  and  the  mine  assisted  in-situ  methods  than 
the  true  in-situ  method.   This  is  due  to  the  surface  disposal  and  topsoil 
requirements  necessary  for  spent  shale  wastes,  especially  if  shale  is 
deposited  in  valley  bottoms. 

No  Action  Alternative 

Development  of  the  C~a  Tract  may  impact  water  availability  to  the  alluvial 
valley  associated  with  Yellow  Creek.   No  other  impacts  to  alluvial  valleys  in 
or  adjacent  to  the  tracts  are  anticipated  at  this  time. 


C-ll  Alternative 

Development  of  the  C-ll  Tract  could  materially  damage  quality  and  quantity  of 
water  supplied  to  the  alluvial  valley  of  Ryan  Gulch  and  Horse  Draw.   These 
valleys  are  tributary  to  the  Piceance  Creek  alluvial  valley  and  therefore  the 
quantity  and  quality  of  water  supplied  to  the  Piceance  Creek  alluvial  valley 
could  also  be  materially  damaged. 

Direct  damage  to  alluvial  valleys  such  as  burial  or  displacement,  could  be 
significant  because  alluvial  valleys  occur  on  580  acres  (11  percent)  of  the 
tract.   This  could  cause  interruption  of  the  flew  of  Ryan  Gulch. 

C-18  Alternative 

Development  of  the  C-18  Tract  could  materially  damage  quality  and  quantity  of 

water  supplied  to  the  Yellow  Creek  alluvial  valley. 

ct  damage  to  possible  alluvial  vail     >n   he  tr,  ct  ;  i  lot  e      d  to 
significant  because  only  130  acres  (2.  percent  of  the  tract)  of  alluvial 
valleys  occur  on  the  C-18  Tract. 

Combined  Alternative 

Under  this  alternative,  all  the  impacts  discussed  above  would  occur. 

Summary 

The  No  Action  Alternative  would  have  the  least  impact  on  alluvial  valleys.  The 
Combined  Alternative  has  the  greatest  impact  on  alluvial  valleys.  Development 
of  C-ll  Tract  could  materially  d.    .  the  water  supply  to  the  alluvial  valleys 
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of  Ryan  Gulch,  Horse  Draw  and  Piceance  Creek.   Development  of  C-18  Tract  could 
materially  damage  the  water  supply  to  the  alluvial  valley  of  Yellow  Creek. 

AGRICULTURAL  LANDS 

On-tract  development  would  impact  rangcland  which  is  included  under  the 
category  of  agricultural  lands.   This  impact  will  not  be  discussed  here,  but 
is  included  in  Chapter  IV,  Vegetation  Types  and  Grazing. 

Some  off-tract  development  such  as  pipeline  routes  and  utility  corridors  may 
tempo i    !  ■  Lcull   al  lands  (includii   prime  farm]   di  and  irrigated 

pastureland  and  hayland  of  statewide  importance).   This  should  not  be  a 
significant  problem  as  such  lands  can  be  successfully  reclaimed  within  several 
years . 

Permanent  impacts  to  agricultural  lands  from  population  growth  and  the 
associated  conversion  of  agricultural  lands  to  urban  development  could  be 
significant.   Although  it  can  not  be  determined  at  this  time,  urban 
development  in  Mesa  County  could  impact  orchard  lands.   Further  losses  of 
orchard  acreage  due  to  this  development  could  significantly  harm  the  Colorado 
fruit  industry  (Jim  Rubingh,  personal  communication,  Colorado  Department  of 
Agriculture,  Memorandum  82-170).   Table  IV-6  shows  the  acres  and  percentage  of 
land  converted  from  cropland  to  other  uses  by  county  and  alternative. 

Insignificant  impacts  should  occur  to  agricultural  lands  from  reduction  of 
surface  water  flow  after  implementation  of  the  water  augmentation  plan  as 
described  in  Chapter  IV,  Hydrology. 
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TABLE  IV- 6 
CONVERSION  OF  CROPLANDS  TO  OTHER  USES  1/ 
PROJECTED  FOR  1993  OR  FULL  PRODUCTION  YEAR  2/  3/ 


Low                      High 
Alternative County A. ere s %  of  Total Acres %  of  Total 

No  Action      Rio  Blanco  710  1.0 

Garfield  3,360  3.4 

Mesa:  Grand  Jet  Area   2,700  3.2 

Total  6,770  2.7 

C-ll           Rio  Blanco  310  0.4 

Garfield  510  0.5 

Mesa:  Grand  Jet  Area     90  0.1 

Total  910  0.3 

C-18           Rio  Blanco  310  0.4 

Carfield  510  0.5 

Mesa:  Grand  Jet  Area     90  0.1 

Total  910  0.3 

Combined       Rio  Blanco  620  0.9 

Garfield  990  1.0 

Mesa:  Grand  Jet  Area    200  0.2 

Total  1,810  0.7 

1/   Based  on  0.22  accis  converted  per  person  increase  in  population  (D.U  ' 

•  i- ) 

2J      Percentages  based  on  worst  case  situation  assuming  all  urban  expansion  occurs  on 
cropland . 

3/   Cropland  losses  for  C-ll,  C-18,  and  Combined  Alternatives  are  in  addition  to  the  No 
Action  Alternative  esl  Lmates. 
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SOILS 


Introduction 

The  No  Action  Alternative  would  have  the  fewest  impacts  on  the  soil  resource. 
The  Com  Kin ed  Alternative  would  have  the  greatest  impact  on  the  soil  resource. 
Development  of  Tract  C-ll  could  seriously  impact:  the  p;   uctive  potential  of 
the  soils  on  the  tract.   Development  of  Tract  C-18  could  be  less  impacting  to 
soils  than  development  of  the  C-ll  Tract. 

Facility  Sites 

Facility  e  tes  should  cause  dii  ;'!        of  soil  on  the  site  location  until 
these  sites  are  abandoned  and  removed  at  the  end  of  mine  life.   Topsoil  from 
surface  facility  sites  would  be  stockpiled  for  the  life  of  the  nine  and  lose 
organic  matter,  nitrogen,  phosphorous,  and  valuable  soil  microorganisms 
(Redente  and  Cook  1981).   Therefore  some  reduction  in  soil  fertility  can  be 
expected.   The  amount  of  land  committed  to  facility  sites  will  vary  by 
development  technology  and  alternative  (Table  IV-7). 

Surface  Disturbance 

Spent  Shale  Disposal 

The  direct  mining  with  surface  retort  technology  could  be  the  most  impacting 
to  the  soil  resource.   Although  the  amount  of  surface  disturbance  is  less  than 
that  of  true  in-situ  development,  a  more  radical  transformation  of  the 
landscape  is  anticipated  because  of  the  large  amount  of  material  that  must  be 
disposed  of  on-tract.   About  1,000  acres  (20  percent  of  the  tract)  would  be 
covered  witli  a  spoil  pile. 
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TABLE  IV-7 
ESTIMATED  QUANTITY  OF  SURFACE  DISTURBANCE 
BY  ALTERNATIVE  AND  DEVELOPMENT  SCENARIO 


Alternative 


Surface  Disturbance  By  Development  Scenario  (Acres) 


Direct  Mining  and  1/ 
Surface  Retorting 


Mine  Assisted 
In-Situ 


Permanent   Temporary    Permanent  Temporary    Permanent  Temporary 


True  In-Situ 


No  Action  2/ 

— 

— 

C-ll 

400 

1,000 

C-18 

400 

1,000 

Combined  3/ 

Va 

ria 

ible: 

200 
200 


1,000 
1,000 


200     3,000 
200     3,000 


temporary  2,000-6,000  acres 


1/   Permanent  refers  to  disturbance  occuring  for  life  of  the  mine  (e.g.  mine 
facilities,  surface  retorts)  whereas  temporary  (e.g.  spent  shale  piles, 
borehole  pads)  infers  short  term  surface  disturbance  reclaimable  within 
10-15  years. 


2/   Assumes  no  additional  tract  leasing  and  consequently  no  further  impacts  to 
the  existing  situation.   An  estimated  20,000  acres  of  surface  disturbance 
is  expected  from  current  energy  activities  considered  under  the  No  Action 
A  '  tenia t  Lve  . 


3/   The  Combined  Alternative  has  nine  potential  variables.   The  minimum  and 

maximum  disturbance  acreages  have  been  calculated  to  identify  the  range  of 
potential  consequence. 
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Spent  shale  is  not  suitable  plant  growth  material  because  of  high  salt 
content,  high  pH,  trace  element  problems,  and  a  low  copper  to  molybdenum  ratio 
(Dean  et  al  1979;  Redente  and  Cook  1981;  Ilarbert  and  Berg  1978;  and 
Stollenwerk  and  Runnells  1981).   Also,  the  black  color  (depending  on  the 
retort  process)  of  the  spent  shale  can  cause  the  material  to  absorb  large 
amounts  of  heat.   Temperatures  high  enough  (149°F)  to  kill  seedlings  have  been 
recorded  on  south  facing  study  plots  (Harbert  and  Berg  1978).   Because  of 
these  problems,  spent  shale  should  be  covered  with  at  least  24  inches  of 
suitable  plant  growth  material.   On  these  tracts,  less  than  15  inches  may  be 
available  from  the  dis]    '       '    to  cove:   I    ]  ml  sh  ]   pile.   Because  of 
material  compaction  during  placement  and  later  settling  and  erosion  of  this 
material,  less  than  eight  inches  of  suitable  plant  growth  material  could  be 
available  for  plant  growth  at  the  end  of  mine  life.   This  would  severely  limit 
the  establishment  of  deep  rooted  plant  species.   For  more  details  see  Chapter 
IV,  Surface  Reclamation. 

Mine  assisted  in-situ  development  would  require  less  surface  disposal  of  waste 
material  than  for  the  direct  mining  technique  but  the  character  of  impacts 
would  be  similar.   True  in-situ  development  would  not  require  surface  disposal 
of  waste,  however  this  technology  would  have  the  greatest  amount  of  surface 
disturbance  requiring  reclamation. 

Sideslope  Soils 

Sideslope  soils;  unit  63,  Rentsac  series;  and  unit  RT,  Torriorthents-Rockout- 
crop  complex;  make  up  about  3,440  acres  or  67  percent  of  Tract  C-ll  and  2,820 
acres  or  55  percent  of  Tract  C-18.   Disturbance  of  these  soils  would 
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accelerate  their  already  high  erosion  rates.   This  acceleration  of  erosion 
would  last  until  completion  of  reclamation.   This  erosion  could   cause  a 
permanent  reduction  in  the  productive  potential  of  these  soils.   The 
relatively  steep  slopes  and  hroken  topography  would  cause  reclamation  to  be 
difficult,  as  discussed  in  Chapter  IV,  Surface  Reclamation. 

Bottom  Land  Soils 

Bottom  land  soils;  unit  38',  Havre  series;  unit  41,  Glendive  series;  and  unit 
75,  Barcus  series;  make  up  about  580  acres  or  11  percent  of  Tract  C-ll  and 
about  130  acres  or  2  percent  of  Tract  C-18.   Small  scale  disturbance  of  these 
soils  would  accelerate  their  erosion  rates,  but  these  rates,  except  near 
active  gullies  and  stream  channels,  are  low  and  this  acceleration  should  not 
be  detrimental  if  properly  controlled.   Reclamation  should  not  be  difficult 
unless  strongly  alkaline  subsoil  materials  are  mixed  with  the  upper  soil 
horizons.   Large  scale  disturbance  of  these  soils  could  interupt  the  flow  of 
water  through  them  which  could  change  how  they  function  as  alluvial  valleys 
(see  Chapter  IV,  Alluvial  Valleys). 

Upland  Soils 

Upland  soils;  unit  X63,  Rentsac-Piceance  Complex;  unit  66,  Redcreek-Rentsac 
complex;  unit  70,  Piceance  series;  unit  7  1C,  Forelle  series;  and  unit  73  Yamac 
series;  make  up  about  1,100  acres  or  22  percent  of  C-ll  tract  and  about  2,170 
acres  or  43  percent  of  C-18  tract.   Units  X63  and  66  are  shallow  and  deep  and 
have  relatively  high  erosion  rates.   The  other  soils  arc  moderately  deep  to 
deep  and  have  relatively  low  erosion  rates.   Disturbance  would  accelerate 
these  erosion  rates  which  could  cause  some  loss  of  productive  potential  on  the 
shallow  soils  units.   Reclamation  of  the  other  uplands  soils  should  not  be 
difficult  because  of  the  relatively  high  quality  of  these  soils. 


Differences.  Between  Alternatives 

Under  the  No  Action  Alternative,  177  acres  would  be  disturbed  on  the  tracts  by 
development  of  a  sodium  mine.   Leasing  Tract  C-ll  could  be  more  damaging  to 
the  soil  resource  than  leasing  C-18  because  of  the  large  amount  of  south 
facing  slopes  with  shallow  and  erosive  soils  on  Tract  C-ll.   Tract  C-ll  also 
has  greater  amounts  of  soils  associated  with  alluvial  valleys  which  are  the 
most  productive  soils  in  the  Piceance  Basin  (see  Chapter  IV,  Alluvial 
Valleys) . 

.:■      (  " 

Impacts  to  the  hydrologic  system  were  analyzed  using  established  computer 
models  provided  by  the  U.S.  Geological  Survey  (Taylor  1982)  and  the  Bureau  of 
Reclamation  (1981).   Baseline  information  used  in  these  models  included  the 
effects  of  other  activities  occurring  in  Piceance  Basin  upon  the  water 
resources,  (see  Chapter  II,  No  Action  Alternative).   The  models  analyzed  a 
worst  case  development  scenario  of  100,000  bbls/day,  (leasing  of  both  tracts 
at  50,000  bbls/day  each)*   Because  the  impacts  for  the  lower  development 
levels  would  be  less  than  the  worst  case,  these  levels-  are  described  as  a 
percentage  of  the  worst  case  analysis.   This  section  describes  the  results  of 
the  modeling  efforts  for  impacts  to  groundwater  quantity  and  quality  followed 
by  impacts  to  surface  water  quantity  and  quality.   Recommended  mitigation 
follows  at  the  end  of  each  of  these  sections. 

Modeling  results  indicate  there  could  be  significant  impacts  to  Piceance 
Creek,  Yellow  Creek,  and  possibly  to  springs,  and  wells  unless  proper 
mitigation  measures  are  taken. 


Groundwater  Quantity 
No  Action  Alternative 

The  No  Action  Alternative  assumes  that  mines  at  both  Tracts  C-a  and  C-b  will 
have  to  be  dewatered.   It  is  estimated  that  long-term  pumping  rates  of  5  and 
15  cfs  would  be  necessary  to  sufficiently  lower  the  potentiometric  head  at 
Tract  C-a  and  C-b,  respectively  (Robson  and  Saulnier  Jr.  1981).   Springs  and 
wells  located  in  the  area  could  be  affected  as  a  result  of  the  large  drawdowns 
(Robson  and  Saulnier  Jr.  1981).  The  impacts  to  the  surface  flows  resulting 
from  mine  dewatering  are  described  in  the  surface  water  quantity  section. 

Development  Alternative 

Mining  of  the  two  proposed  lease  tracts  could  have  an  additional  significant 
impact  on  the  groundwater  system  of  Piceance  Basin.   There  is  a  considerable 
amount  of  groundwater  surrounding  the  minerals  which  are  proposed  to  be  mined. 
Mine  dewatering,  regardless  of  the  development  scenario  or  tract  leased,  will 
have  to  take  place  it  the  minerals  above  the  Saline  Zone  are  to  be  mined. 
Impacts  will  vary  by  production  rate  only,  as  discussed  below. 

Gr  o  un  d  wa  tor  I  lo  d  e  1 

The  Water  Resources  Division  of  the  U.S.  Geological  Survey  was  requested  to 
simulate  mine  dewatering  utilizing  an  existing  groundwater  model  (Taylor 
1982).   For  a  description  of  the  model,  input  parameters  used,  assumptions, 
and  methodology  utilized,  the  reader  is  referred  to  Taylor  (1982).   The  model 
simulates  interactions  between  adjacent  aquifers  of  differing  hydrologic 
characteristics  and  also  interconnections  between  ground  and  surface  water 
systems  of  the  area.   For  the  purposes  of  this  analysis,  a  worst  case  scenario 


of  leasing  both  tracts  at  50,000  bbls/day  production  (100,000  total)  was 
analyzed. 

Since  computer  models  can  only  provide  estimates,  conclusions  drawn  from  this 
model  should  be  viewed  in  this  light.   Mine  drainage  and  dewatering  is  a 
complex  process  and  actual  rates  will  only  be  known  when  the  mine  development 
process  begi' 

Mine  Dewatering 

This  analysis  assumes  that  groundwater  levels  in  both  aquifers  would  have  to 

tree  to  <    '  •   :  Dev;     '      ild  1   accomp]  :  :  id  by 

the  use  of  dewatering  wells  equally  spaced  throughout  both  lease  tracts.   For 
the  model  simulation,  wells  were  completed  in  the  bedrock  aquifer  below  the 
Mahogany  Zone.   Over  a  30  year  pumping  period,  the  simulation  wells  drained 
both  the  upper  and  lower  aquifers  which  surround  the  Mahogany  Zone. 

The  model  assumes  that  there  is  an  impaired  but  continuous  hydrologic 
connection  between  the  bedrock  aquifer  and  Piceance  and  Yellow  Creeks.   This 
assumption  is  based  on  the  field  observations  that  (1)  the  potentiometric 
surfaces  of  the  upper  and  lower  bedrock  aquifers  slope,  toward  the  valleys  of 
Piceance  and  Yellow  Creeks,  indicating  that  the  groundwater  discharges  into 
these  valleys,  and  (2)  on  March  26,  1981,  measured  gains  of  flow  in  Piceance 
Creek  from  groundwater  total  about  15  cfs  and  probably  represent  water 
discharged  from  the  bedrock  aquifers.   It  was  also  assumed  that  Piceance  and 
Yellow  Creeks  were  infinite  sources  of  water  and  could  continue  to  be  depleted 
even  after  historical  flows  v/ere  gone. 
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Mine  dewatering  was  divided  into  three  pumping  periods.   The  first  period 
lasted  seven  years  and  the  pumping  rate  was  37.5  cubic  feet  per  second  (cfs) 
or  approximately  27,000  acre  feet/year.   The  second  period  lasted  23  years  and 
the  pumping  rate  was  52.5  cfs  or  38,000  acre  feet/year.   The  third  period  was 
a  recovery  period. 

The  large  pumping  rates  partly  relate  to  the  location  of  the  lease  tracts 
between  Piceance  and  Yellow  Creeks.   Another  reason  for  such  large  pumping 
rates  is  that  the  po tentiome trie  head  of  the  lower  aquifer  below  the  Mahogany 
Zone  at  the  lease  tracts  is  approximately  1,200  feet.   The  water  levels  in 
this  artesian  aquifer  would  have  to  be  lowered  this  distance  just  to  maintain 
water  table  conditions  at  the  bottom  of  the  Mahogany  Zone.   Even  larger 
pumping  rates  would  be  required  to  lower  the  po tentiome trie  head  below  this 
level,  so  as  to  be  able  to  mine  the  R-6  Zone. 

A  cross  section  through  the  middle  of  the  tracts  displaying  modeled  water. 
level  changes  versus  time  Ls  shown  in  Figure  IV— 8.   Water    ,  ::  ;  ifo   be  i 
aquifers  declined  rapidly  during  the  first  two  years  of  pumping  and  then 
leveled  off  after  the  third  year.   At  the  fate  of  pumpage  assumed  for  period 
one,  3  7.5  cfs,  the  water  levels  would  not  be  lowered  below  the  Mahogany  Zone 
during  the  30  year  lease  period. 

When  pumpage  rates  were  increased  during  the  second  period  (52.5  cfs), 
groundwater  levels  again  declined  rapidly  during  the  first  two  years  of 
pumping.   The  groundwater  systems  then  leveled  off  at  approximately  4780  feet 
and  4540  feet  for  the  upper  and  lower  aquifers,  respectively.   These  levels 
are  below  the  Mahogany  Zone,  and  are  sufficient  for  mining. 
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After  30  years  the  pumps  were  shut  off.   At  this  poiut  the  groundwater  system 
was  allowed  to  recover.   The  recovery  rate  of  the  system  v/as  nearly  back  to 
pre-dewatering  conditions  after  three  years,  as  a  result  of  the  recharge  from 
the  two  creeks  to  the  bedrock  aquifers.   If  the  streams  were  mostly  dry  or 
poorly  connected  to  the  bedrock  aquifers,  the  recovery  rate  would  be  much 
s 1  owe  r . 

During  period  one,  approximately  27,000  acre  ft/yr  of  water  xvould  be  pumped 
during  dewatering.   For  period  two,  approximately  38,000  acre  ft/yr  of  water 
would  be  taken  from  the  groundwater  system.   Assuming  the  high  development 
alternative  for  both  tracts,  16,000  acre  ft/yr  of  water  would  be  required  for 
development.   Using  the  pumping  quantities  of  period  two,  there  would  be  an 
excess  of  22,000  acre  ft/yr  of  water  which  would  have  to  be  treated  if 
necessary  and  returned  to  the  system. 

Mine  Dewatering  With  Reinjection  Wells 

Reinjection  practices  are  being  conducted  on  Tracts  (J-a  and  C~b .   For  the 
analysis  of  C-1I  and  C-18,  an  additional  model  run  was  made  assuming 
reinjection  of  excess  water  into  the  lower  aquifer  from  which  it  came.  The 
reinjection  wells  were  located  on  the  perimeter  of  the  lease  tracts.  The 
results  of  this  model  run  indicates  that  even  at  the  high  pumping  rate  of 
period  two ,  sufficient  dewatering  was  not  attained  to  dry  the  proposed  mining 
area.   This  analysis  shows  that  onsite  reinjection  of  the  surplus  water  is  not 
possible,  (using  the  assumptions  and  water  quantities  described  in  the  mine 
d  e  wa  t  e  r  i  ng  section). 


Offsite  .  •  i  iji  ction  was  not  examined  and  is'a  possible  mitigation  alternative. 
Additional  study  is  required  for  offsite  reinjection  to  determine  the  best 
location  of  reinjection  wells  from  a  hydrologic  and  economic  standpoint. 
Additionally,  the  quality  of  the  reinjection  water  must  be  determined  to 
ensure  compatibility  with  the  waters  in  the  reinjection  zones. 

Surface  Discharging  of  Excess  Mine  Water 

Controlled  discharge  of  excess  mine  water  into  existing  drainages  is  another 
possibility  for  disposal.   This  is  dependent  upon  the  quantity  and  quality  of 
the  mine  water.   The  quantity  of  excess  water  which  could  be  discharged  into 
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the  channel  flows  plus  the  discharge  of  excess  dewatering  water  should  not  be 
allowed  to  cause  increased  channel  erosion.   Excess  water  may  have  to  be 
treated  depending  upon  its  quality.   National  Pollutant  Discharge  Elimination 
System  (KPDES)  permits  would  have  to  be  obtained  for  this  action  from  the 
State  of  Colorado. 

Impacts  to  Existing  Sources 

Figure  IV- 9  shows  the  area  in  which  model  simulated  declines  of  more  than  10 
feet  occur  in  the  potentiometric  surface  of  the  upper  bedrock  aquifer.   Any 
springs  or  wells  which  derive  their  water  source  from  the  bedrock  aquifer 
system  within  this  zone  could  be  affected  by  the  dewatering.   Mitigation  for 
the  lost  sources  could  be  either  by  direct  replacement  or  offsite  reinjection 
The  springs  and  wells  located  within  the  area  identified  in  Figure  1V-9  would 
have  to  be  monitored  to  determine  the  impacts  to  the  sources  caused  by  mine 
dewatering. 
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Mine  Development  Alternative 

Impacts  associated  with  different  development  alternatives  would  be  less  than 
the  high  level  of  development  (100,000  bbls/day),  addressed  by  the  modeling 
method.   For  example,  the  impacts  to  the  groundwater  system  caused  by  mining 
one  tract  at  a  production  level  of  25,000  bbls/day  are  less  than  that  of 
100,000  bbls/day.   This  is  because  a  smaller  portion  of  the  groundwater  system 
would  have  to  be  dewatered  at  the  lower  level  of  production. 

Effects  on  Groundwater  of  Mining  the  Saline  Zone 

If  mining  is  to  take  place  only  in  the  saline  zone,  a  shaft  could  be  placed 
thrc   1  Li   up]      I"  lo       '".'.   '    o]   ly  sealed  wit!    out  and  i 
rings,  greatly  reducing  the  amount  of  dewatering  that  would  be  necessary.   The 
resulting  shaft  drainage  would  be  significantly  less  than  the  analysis  above 
and  could  be  pumped  to  the  surface  and  treated  for  use  in  processing.   Pilot 
holes  will  have  to  be  drilled  to  test  both  the  quantity  and  quality  of  water 
before  dewatering  techniques  can  be  developed  (Multi  Mineral  Corporation 
1981). 

The  saline  zone  (explored  at  the  Bureau  of  Mines  shaft)  was  found  to  be  a  very 
tight  formation,  containing  very  little  water.   If  this  case  holds,  a 
sufficient  layer  of  this  zone  would  have  to  be  left  above  the  mine  to  prevent 
inflow  of  water  from  the  lower  aquifer.  If  water  was  allowed  to  flow  into  the 
mine  there  would  be  a  large  increase  in  the  dissolved  solids  concentrations  of 
that  water.   Because  very  little  is  known  about  the  hydrologic  characteristics 
of  the  saline  zone,  it  is  not  possible  to  quantify  hydrologic  effects  from 
mining,  beyond  the  above  discussion. 
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Groundwater  Quality 

No  Action  Alternative 

Under  the  No  Action  Alternative  dissolved  solids  concentrations  around  Tract 
C-b  would  remain  fairly  constant  except  in  the  deeper  portion  of  the  lower 
aquifer.   Dissolved  solids  concentractions  could  be  decreased  by  as  much  as 
1,100  milligrams  per  liter  (mg/1)  in  the  deepest  portion  of  the  lower  aquifer 
if  the  mine  was  pumped  at  a  rate  of  15  cfs  (llobson  and  Saulnier  Jr.  1981). 

Dewatering  of  the  mine  at  Tract  C-a  would  also  decrease  the  dissolved  solids 
concentrations  around  the  mine  in  the  lower  aquifer.   Decreases  of  400  mg/1 
could  occur  as  a  result  of  downward  movement  of  the  upper  aquifer  water  which 
contains  fewer  dissolved  solids  than  the  lower  aquifer  water  (Robson  and 
Saulnier  Jr.  1981). 

The  Improvement  of  the  lower  aquifer  water  at  both  C-a  and  C-b  will  result  at 
the  ■  pense  of  the  higher  quality  upper  aqui.i      tier-. 

Development  Alternat ive 

Significant  impacts  to  groundwater  quality  could  occur  at  the  proposed  lease 
tracts  as  a  result  of  any  production  rate.   Impacts  will  vary  by  development 
scenario  only.   In-situ  retorting  associated  with  either  the  mine  assisted 
in-situ  or  true  in-situ  scenarios  has  the  potential  for  creating  the  greatest 
impacts  (worst  case)  and  will  be  addressed  here.   The  two  principal 
groundwater  quality  problems  of  concern  are  contamination  from  aquifer  mixing 
and  leaching  of  flooded  retorts  (including  mines  that  have  been  backfilled 
with  spent  shale). 
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Aquifer  Mixing  Through  Mine  Development 

An  increase  in  aquifer  mixing  would  occur  as  a  result  of  dewatering.   While 
movement  of  water  between  aquifers  occurs  naturally,  (as  described  in  Chapter 
III,  Hydrology),  mine  dewatering  will  greatly  increase  this  movement.   Aquifer 
mixing  will  also  occur  after  the  mining  operation  has  ceased,  and  the  Mahogany 
Zone  has  been  extracted.   By  removing  this  relatively  impermeable  stratum, 
water  will  be  allowed  to  move  between  the  two  aquifer  systems  at  a  higher 
rate,  a  condition  that  mine  void  backfilling  will  not  completely  mitigate. 

L(  :  '  ■  ;    ' 

Leaching  of  flooded  in-situ  retorts  could  potentially  be  a  more  serious 
problem  than  aquifer  mixing.   Because  the  control  of  retort  process 
contaminants  is  more  difficult  to  achieve  underground  than  with  surface 
retorting,  leachable  organic  and  inorganic  residues  would  be  left  in  many  of 
the  in-situ  retorts  at  the  completion  of  the  oil  extraction  process  (Wagner  et 
al  1981).   The  contaminants  which  are  most  likely  to  increase  are  pH, 
sulphates  (SO/,),  sodium  (Na),  chlorine  (CI)  and  certain  trace  elements 
including  vanadium  (V),  molybdenum  (Mo),  and  lead  (Pb).   In  addition,  there 
should  also  be  an  increase  in  certain  organic  compounds  such  as  phenols  and 
organic  nitrogen  (Wagner  et  al  1981). 

Movement  of  these  pollutants  through  the  groundwater  system  may  take  centuries 
after  site  abondonment  because  flow  velocities  are  so  low.   In-situ  leachates 
carried  by  groundwater  may  discharge'  into  Piceancc  and  Yellow  Creeks,  causing 
the  quality  of  these  streams  to  deteriorate.   Impacts  to  surface  water  quality 
are  discussed  in  Chapter  IV,  Surface  Water  Quality  section  under  the  Surface 
Water  Impacts  From  In-Situ  Leachates  section. 


The  groundwater  impacts  associated  with  in-situ  leachates  are  highly  site 
specific  and  vary  greatly  with  local  hydrology.   Leachate  released  from  a 
single  retort  located  near  Tract  C-a ,  once  hydrologic  equilibrium  is 
reestablished,  could  continue  from  two  to  six  years  and  transport  through  the 
lower  aquifer  would  be  about  160  ft/yr  (Fox  1980),   If  the  same  retort  were 
located  on  Tract  C-b,  leachate  release  could  take  from  6  to  60  yrs,  artd 
transport  in  the  upper  aquifer  would  be  at  a  rate  of  approximately  20  to  30 
ft/yr  (Fox  1980).   Estimates  made  for  transport  of  leachates  through  the  lower 
aquifer  at  the  proposed  lease  tracts  are  approximately  102  ft/yr.   The  reader 
should  use  caution  using  these  numbers  because  they  are  gross  estimates, 
arrived  at  by  use  of  Darcy's  Law,  using  an  assumed  effective  porosity  of  0.01. 
Assumed  permeabilities  for  the  lease  tract  areas  were  0.94  ft/day  and  the 
hydraulic  gradient  used  was  14  ft/mile  (Multi  Minerals  Corporation  1982).   In 
addition,  because  the  porosity  is  fracture  -  controlled,  Darcy's  Law  may  not 
accurately  describe  the  flow  mechanism.   Groundwater  flow  equations  describing 

ment  of  pollution  I  i  ..-•  ugh  fracti  •■    :dia  is  not  we]        .Lood. 
research  on  this  problem  needs  to  be  done. 

Once  the  leachate  enters  the  aquifer,  leachate  concentration  will  be  diluted 
by  absorption,  dispersion  and  other  natural  processes.   The  reduction  in 
concentration  of  leachates  will  depend  upon  the  following  factors: 

-  distance  from  source  in  direction  of  groundwater  flow, 

-  concentration  of  solute  in  the  source, 
effective  dispersion  coefficient, 

-  groundwater  flow  velocity, 
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time, 

-  porosity,  and 

-  the.  quantity  .of  absorption  per  unit  volume  of  leachate. 

Because  very  few  of  these  factors  are  actually  known  about  the  groundwater 
system  near  the  lease  tract,  no  attempt  was  made  to  determine  the  effect  of 
dilution  on  the  quantity  of  leachate  transport. 

Leaching  of  Surface  Spent  Shale 

Groundwater  pollution  resulting  form  the  leaching  of  surface  spent  shale  spoil 
pil e s  i  s  pr  iroa r il;    f  un  c  t  ioi       :  ab   .  1  y     '■ 

estimated  for  the  Paraho  and  Tosco  processes  at  maximum  applied  stress  (800 
psi)  vary  from  0.26  ft/yr  to  0.48  ft/yr  (Bloomfield  and  Stewart  1981).   By 
wetting  to  optiura  moisture  and  compacting  spent  shale  piles  to  90  percent 
Proctor  density,  minimum  permeability  is  assured  (Margheim  1975).   With  the 
proper  compaction,  the  piles  essentially  becomes  impermeable  reducing  the 
potential  for  groundwater  pollution  to  a  minimum  (Margheim  1975).   Additional 
discussion  of  potential  impacts  to  groundwater  quality  resulting  from  leaching 
of  spent  shale  piles  and  subsurface  retorts  is  contained  in  Chapter  IV, 
Surface  Reclamation. 

Effects  of  Mine  Dewatering 

Shaft  and  mine  dewatering  could  change  the  local  direction  of  groundwater  flow 
in  the  aquifer  systems.   The  change  in  flow  direction  would  have  an  impact  on 
the  groundwater  system.   Simulated  mine  dewatering  conducted  on  Tract  C-b 
indicated  that  a  decrease  in  dissolvcd-solids  concentration  of  as  much  as 
1,100  milligrams  per  liter  (mg/1)  would  occur  in  the  deepest  part  of  the  lower 
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aquifer   (Robson  and   Saulnier   Jr.    1981).      Downgradlent    from    the   mine   however, 
dissolved-solid    concentrations    would    increase    by   as    much  as    50  mg/1.       Similar 
impacts   are    assumed    to    occur    in    the    vicinity    of    the    proposed    lease    tracts. 

Groundwater  Use 

Groundwater  within  the  Piceance  Basin  is  presently  not  extensively  used.   It 
does  however,  support  most  of  the  surface  stream  flows.   Most  of  the  existing 
wells  have  been  developed  in  the  alluvial  aquifers.   Therefore,  short-term 
groundwater  impacts  may  not  be  serious.   In  the  long-term,  groundwater  within 
the  vicinity  of  the  lease  tracts  may  not  be  suitable  for  municipal  or  stock 
watering  without  treatment. 

Groundwater  Mitigation 

To  reduce  impacts  to  the  groundwater  system,  several  mitigating  measures  could 
be  taken.   Proper  site  selection  of  the  mining  area  is  one  of  these.   Leachate 
transport  would  be  reduced  by  isolating  the  retort  within  a  zone  of  relatively 
Lmpermi  bl   strata  (such  as  the  mai  gany  and    Line      ( 3    I  Le  zing  i 
sufficiently  thick  layer  of  strata  between  aquifers.   Additional  studies  need 
to  be  conducted  to  determine  the  feasibility  of  this  process  in  the  mining 
operation. 

Grouting  or  filling  of  a  mined  area  with  an  insoluble  material  would  minimize 
seepage  of  groundwater  into  the  area  thus  isolating  the  retort  and  the 
resulting  leachates.   Again,  data  is  very  scarce  on  flooded  retorts  and  mines 
and  their  leaching  properties.   Additional  studies  are  needed  to  determine  the 
effectiveness  of  this  method. 
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Another  mitigation  method  which  could  bo  considered  is  back  flooding  the 
retort  to  intentionally  leach  the  spent  shale.   After  leaching  has  taken 
place,  the  leachate  would  be  removed  by  pumping  and  treated  on  the  surface. 
If  the  above  mitigation  measures  are  found  feasible  and  implemented,  the 
impacts  to  groundwater  quality  from  the  leachates  and  contaminated  waters  may 
be  minimized. 

Statutory  regulations  which  govern  groundwater  are  outlined  in  the  surface 
water  quality  section.   A  new  set  of  regulations  governing  underground 
injection  have  been  adopted  by  EPA  and  are  addressed  in  4  0  CFR  Sections  122, 
123,  and  146.   Additio     i     ;-.7al    data  j   n   1      i         how  tl 
new  regulations  will  apply  to  site-specific  areas  in  the  Piceance  Basin. 

Because  of  the  low  rates  of  flow  typical  of  the  groundwater  system  of  the 
lease  tracts,  a  long-term  monitoring  program  is  recommended  after  retort 
abandonment.   Impacts  to  the  groundwater  system  may  not  show  up  for  hundreds 
of  years  after  abandonment.   It  is  also  assumed  that  monitoring  will  be 
conducted  during  mining  as  specified  in  the  Environmental  Stipulations  of  the 
lease,  Section  9.   To  assure  that  environmental  impacts  of  oil  shale 
development  are  fully  assessed,  all  facets  of  dewatering,  mining,  retorting, 
and  disposal  of  wastes  which  impact  water  resources  should  be  extensively 
analyzed  and  monitored  during  the  development  stage. 

Surface  Water  Quantity 

No  Action  Alternative 
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Assessment  of  the  impacts  on  surface  water  under  the  No  Action  Alternative  are 
shown  in  Tahle  IV-10.   The  No  Action  Alternative  assumes  that  Tracts  C-a  and 
C-b  would  be  developed.   The  depletions  to  both  Yellow  and  Piceance  Creeks 
were  determined  by  the  U.S.  Geological  Survey,  (Robson  and  Saulnier  Jr.  1981). 
Depletions  of  18  cubic  feet  per  second  (cfs)  for  Piceance  Creek,  and  two  cfs 
for  Yellow  Creek  do  not  consider  reinjection  or  any  other  augmentation  and  are 
considered  to  be  a  worst  case.   Depletions  of  this  nature  would  cause  Piceance 
Creek  to  experience  periods  of  no  flow  during  summer  months.   The  flow  in 
Yellow  Creek  could  be  reduced  by  50  percent  after  30  years  of  dewatering. 
Yellow  Creek  currently  experiences  periods  of  no  flow  (see  Table  III-9).   A 
reduction  of  this  magnitude  would  cause  Yellow  Creek  to  remain  dry  over  half 
the  time. 

Surface  Water  Modeling 

Impacts  to  surface  wa ter  on  the  White  River  were  estimated  using  the  Bureau  of 
Reclamation's  Colorado  River  Simulation  System  model  (bureau  of  Reclamation 
L981 )  ,      Thi   ■  deling  '     >p  I  using  hydi  I   ;    data  1   ied  on  tl 

1951  period  to  simulate  a  normal  cycle.   The  baseline  from  which  the  impacts 
were  developed  are  outlined  in  Table  IV-8.   The  Colorado  River  Simulation 
model  predicted  the  flows  of  the  White  River  at  the  confluence  with   the  Green 
River  for  production  levels  of  50,000  and  100,000  bbls/day  as  shown  in  Table 
IV-9. 

Impacts  to  the  White  River 

Development  at  the  100,000  bbls/day  level  would  cause  a  reduction  in  flow  of 
the  White  River  of  approximately  four  percent,  at  the  confluence  with  the 
Green  River.   The  reduction  in  flow  of  Lhe  White  River  associated  with 


TABLE  IV- 8 
MO  ACTIO)  i      "  lTIVE 

CONSUMPTIVE  WATER  USE  FROM 
THE  WHITE  RIVER  (ACRE  FEET) 


Item 


1982 


1988 


1993 


2000 


2013 


C-b 

0 

6,000 

8,000 

C-  a 

0 

6,000 

8,000 

Other  Energy 

Develop]     nl     1/ 

0 

7,000 

12,000 

Population 

Increases   2/ 

0 

1,000 

2,000 

Uses    3/, 

3 

,00 

35,01    l 

3  5  , 

Total 

35; 

,000 

55,000 

65,000 

12,160 
16,000 


88,560 


12,160 
16,000 


23,400      27,400 


2,000       2,000 


92,560 


1/   Includes  oil  and  gas  use,  sodium,  coal  and  oil  shales 


2/  Assume  100  gal/day/person.   Population  projections  were  bassed  on  the  high  level 
of  development  for  Meeker  and  Rangely  as  identified  in  Chapter  IV,  Social. 


3/   Includes  existing  Agricutural  use  within  the  White  River  basin 
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TABLE  TV- 9 
PREDICTED  FLOWS  AND  PERCENT  REDUCTION  FOR 
THREE  DIFFERENT  PRODUCTION  LEVELS  OF  THE 
WHITE  RIVER  AT  THE  CONFLUENCE  WITH  THE  GREEN  RIVER 

(TOOO  AC-FT/YR) 


No  Action 


50,000  bpd 


100,000  bpd 


Baseline  1/ 
Depletions 
Net  Flow 
Percent  Change 


450 
0 

450 
0 


450 
8 

442 
2 


450 

16 

434 

4 


1/   Baseline  conditions  were  computed  using  Bureau  of  Reclamation's  Colorado 
River  Simulation  System  Model,  and  include  the  depletions  outlined  in 
Table  IV-8.   The  quantities  listed  are  model  generated  flows  based  on  a 
29  year  average  using  the  1951  flow  period  (Bureau  of  Reclamation  1981). 


TABLE  IV-10 
ESTIMATED  SURFACE  WATER  DEPLETIONS  RESULTING 
FROM  OIL  SH        "   ME  NT  IN  THE  ?EAR  2013  IN  CFS 


No  Action  1/ 


50,000  bpd  2/ 


100,000  bpd  2/ 


Piceance  Creek 
Yellow  Creek 


18 
2 


16 
12 


27 
25 


1/   Assumes  stream  flow  depletions  as  stated  in  USGS  professional  paper  1196 

(Robson  &  Saulnier  1981) 
2/   These  depletions  are  in  addition  to  the  No  Action  Alternative. 
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development  of  a  50,000  bbls/day  incur. cry  would  be  two  percent, and  a  25,000 
bbl/day  production  would  be  one  percent.   Reductions  in  flow  of  the  White 
River  at  these  levels  are  considered  insignificant.   However  this  water  would 
be  lost  for  other  uses,  such  as  agriculture,  which  may  be  significant. 

These  reductions  are  based  upon  obtaining  all  water  needs  from  the  White  River 
Basin  at  a  rate  of  four  barrels  of  water  per  barrel  of  shale  oil  produced.   No 
attempts  were  made  to  determine  the  source  of  the  water  needed  for  oil  shale 
production  beyond  the  White  River  Basin  or  any  impact  resulting  from 
augmentation  water.   Water  rights  will  have  to  be  obtained  through  the  State's 

p  ■   .   ,        raugiaei.i1   ion  p]   ;  must  !i       1 1 

Assumptions  as  to  the  source  of  project  water  beyond  the  general  one  of  the 
White  River  Basin  are  beyond  the  scope  of  this  EIS. 

Because  of  the  relationship  between  the  bedrock  aquifer  and  the  stream  systems 
in  the  Piceance  Basin  (see  Chapter  III,  Surface  Water  Quantity  and  Chapter  IV, 
Mine  Dewatering),  the  use  of  groundwa ter  as  a  source  for  oil  shale  development 
is  considered  in  the  16,000  acre  ft/year  needs  for  a  100,000  bbls/day 
industry.   Thus,  from  the  quantity  standpoint,  the  use  of  groundwater  to 
satisfy  production  needs  is  considered  as  a  depletion  of  the  White  River  just 
as  Piceance  or  Yellow  Creek  water  would  be. 

The  four  barrels  of  water  per  barrel  of  shale  oil  produced  is  consistent  with 
the  water  requirements  used  for  the  No  Action  Alternative.   Estimates  for 
consumptive  water  use  for  mine  assisted  in-situ  range  from  1.7  to  6.6  barrels 
of  water  per  barrel  of  oil  produced  (Lewin  and  Associates  1982).   True  in-situ 
consumptive  use  estimates  range  from  0.01  to  2. h    barrels  of  water  per  barrel 
of  oil  produced  (Lewin  and  Associates  1982). 


Impacts  to  Piceance  and  Yellow  Creeks 

Surface  water  impacts  modeled  by  the  U.S.  Geological  Survey  (described  in  the 
Groundwater  section)  were  based  upon  the  assumption  of  impaired  but  continuous 
connection  between  surface  and  groundwater  systems.   The  model  determined  that 
significant  depletions  of  Yellow  and  Piceance  Creeks  could  occur  and  were 
directly  due  to  mine  dewatering.   As  a  worst  case  analysis  the  model  continued 
to  deplete  Piceance  and  Yellow  Creeks  even  after  historical  flows  were  gone. 

The  predicted  surface  water  depletions  for  the  development  of  both  tracts  at 
either  25,000  and  50,000  bbls/day  each  or  just  one  tract  at  50,000  bbls/day 
for  both  Yellow  and  Piceance  Creeks  are  shown  in  Table  IV-10.   Using  these 
model-estimated  depletions,  Piceance  and  Yellow  Creeks  would  become 
intermittent  streams  flowing  only  during  snow  melt  or  rainfall  events. 

Figure  IV-10  is  a  graphic  example  of  streamflow  depletions  through  time  as 
predicted  by  the  model.   A  majority  of  the  streamflow  depletions  occured 
during  the  first  seven  years  when  pumping  rates  were  37.5  cfs  (see  the 
Groundwater  section).   The  model  indicates  that  groundwater  contribution  to 
Yellow  and  Piceance  Creeks  would  be  reduced  to  zero  approximately  3  and  13 
years  respectively  after  pumping  begins. 

One  of  the  primary  reasons  for  such  large  depletions  of  the  surface  water 
resource  is  the  proximity  of  the  lease  tracts  to  the  creeks.   The  lease  tracts 
are  located  between  the  two  major  drainages  of  the  basin.   Tract  C-ll 
encompasses  Ryan  Gulch,  a  major  tributary  to  Piceance  Creek,  and  the  tract 
boundaries  are  within  one-half  mile  of  Piceance  Creek.   Tract  C-18  borders 
Yellow  Creek  for  approximately  one  mile  along  the  northwest  corner. 
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Figure  IV-10     Streamflow  Depletions  Resulting  From  Simulated  Mine  Dewatering 
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Surface  Water  Recovery  with  Cessation  of  Mine  Dewatering 

The  model  predicted  that  recovery  of  the  system  would  occur  at  a  greater  rate 
than  depletion.   Depletions  of  groundwater  to  the  streams  decreased  rapidly 
for  the  first  two  years  after  dewatering  had  ceased.   The  system  was  almost 
back  to  the  pre-mining  condition  10  years  later. 

Surface  Water  Mitigation 

The  potential  impacts  to  both  Piceance  and  Yellow  Creeks  can  be  mitigated  by 
either  an  augmentation  plan,  purchase  of  existing  water  rights,  or  exchange  of 
water  rights.   Replacement  water  can  be  obtained  using  a  water  delivery  system- 
from  either  the  White  or  Colorado  Rivers.   Water  from  groundwater  sources  can 
be  made  available  to  the  streams,  providing  that  this  water  is  of  similar 
quality  as  the  water  which  has  been  depleted. 

Colorado  State  law  protects  both  surface  and  groundwater  rights  holders;  thus, 
one  of  the  mitigating  measures  described  above  tu  t  be  Lone.   The  State  of 
Colorado  requires  that  water  rights  be  acquired  for  any  water  use.   Any 
augmentation  plan  must  be  approved  by  Water  Division  5  Water  Court,  State  of 
Colorado.   Monitoring  of  the  surface  water  within  and  adjacent  to  the  lease 
tracts  must  be  conducted  for  development  of  an  effective  augmentation  plan. 

Surface  Water  Quality 

No  Action  Alternative 

Under  the  Mo  Action  Alternative,  salt  loads  delivered  to  the  White  River  from 

Piceance  and  Yellow  Creeks  could  be  reduced  by  as  much  as  20,000  tons  per 


year.   This  amounts  to  a  salinity  reduction  of  approximately  two  mg/1  as 
measured  at  Imperial  Dam.   These  salt  load  estimates  were  determined  using  the 
streamflow  reductions  to  both  Piceance  and  Yellow  Creeks  that  were  outlined 
under  the  No  Action  Alternative  in  the  Surface  Water  Quantity  section,  and  an 
average  dissolved  solids  concentration  of  1,100  mg/1  for  both  creeks  (Robson 
and  Saulnier  Jr.  1981).   In  determining  these  estimates,  it  was  assumed  that 
the  streamflow  depletions  resulting  from  mine  dewatering  (Robson  and  Saulnier 
Jr.  1981)  would  be  completely  consumed  in  oil  shale  production.   Actual  salt 
load  reductions  should  be  less. 

In  addition  to  the  estimated  salt  load  reductions,  leachates  from  in-situ 
retorts  and  spent  shale  disposal  piles  could  also  have  impacts  on  Piceance  and 
Yellow  Creeks.   The  impacts  of  leachates  on  surface  water  will  be  discussed 
later  in  this  section.   Water  quality  problems  could  develop  during 
construction,  mining,  processing  and  as  a  result  of  disposal  of  spent  shale 
and  would  be  similar  to  those  described  under  the  Development  Alternative. 

Development  Alternative 

Development  of  the  proposed  lease  tracts  could  affect  the  surface  water 
quality  of  the  area.   The  potential  for  water  quality  problems  exists  during 
construction,  mining,  processing,  and  disposal  of  spent  and  raw  shale. 

Construction 

Construction  activities  will  increase  sediment  yields  regardless  of  the  type 
of  shale  retort  and  mining  process  used  or  tracts  leased.   Lower  production 
rates  would  have  proportionately  less  impact  than  the  development  of  both 
tracts  at  50,000  bbls/day  each. 


During  construction  of  the  two  tracts,  sediment  yields  would  increase  by 
approximately  two  to  four  acre  feet  per  square  mile  (Frickel  et  al  1975). 
Throughout  the  construction  stage,  stream  sediment  load  and  siltation  could  be 
minimized  by  contour-grading  of  disturbed  areas,  and  installation  of 
runoff-retention  structures,  as  stated  in  the  Environmental  Stipulations  of 
the  lease,  Section  11.   If  these  measures  are  put  into  place  as  soon  as 
possible,  impacts  associated  with  sedimentation  would  be  minimal. 

Mining 

The   impacts    to    the    surface  water    system  will   primarily   be   a   result    of  mine 
dewatering.      Decreased    flows    of    the   surface   water    streams   will   reduce   the 
salinity    concentration    in    the    Colorado   River.      Using    the    results    of    the   mine 
dewatering   analysis    (as    described    in   the    Groundwater    section)   and    a   TDS 
concentration   of    1,400   and    1,900  mg/1    for    Piceance   and    Yellow   Creeks, 
respectively   (as   described   by    Robson   and   Saulnier   Jr.    1981);    salt   loads 
delivered    to    the   White   River    from   both  Piceance   and   Yellow   Creeks     'ill    be 
reduced    by    6,130    tons    per    year.      This    salt    load    reduction   is    caused    by   further 
reducing    the    groundwater   contribution    to    both   Piceance   and    Yellow   Creeks    by 
approximately    4,350   acre    ft/yr.      The    salinity   reduction   assumes    that    this 
water    is    used    as    part    of    the   8,000   acre    feet/year   required    for    the    '30,000 
bbls/day    production    level. 

Salinity   decreases    to    the   Lower   Colorado   River    resulting    from    this    salt    load 
reduction   as   measured    at    Imperial    Dam   would    be   approximately    0.6   mg/1. 

Processing 
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Retort  water  produced  during  oil  shale  processing  may  have  an  affect  upon  the 
water  quality  of  the  area.   Retort  waters  are  produced  by  the  combustion  and 
pyrolysis  of  organics,  and  the  release  of  moisture  in  the  shale.   These  waters 
contain  high  levels  of  many  inorganic  and  organic  constituents.   Major 
contituents  of  retort  waters  are  ammonia  (NI^),  ammonium  salts  (NH4), 

hydrogen  carbonates  (HCO3),  carbonates  (CC>3)>  and  sulphates  (SOZf)*   Tne 

t 

existence  of  toxic  heavy  metals  has  been  found  in  retort:  waters.   It  appears 
that  most  of  the  heavy  metals  remain  in  the  spent  shale  and  will  be  addressed 
in  Chapter  IV,  Hydrology,  Leachates  from  Disposal  Piles  section.   Retort 
waters  are  a  product  of  shale  retorting.   Their  composition  is  highly 
depend  ni  <   the  proc 

The  quantity  of  retort  waters  produced  in  shale  retort  processing  are 
estimated  to  range  from  0.1  to  22.0  barrels  of  water  per  barrel  of  oil  (Fox 
1980).   Water  production  is  at  the  lower  end  for  surface  processes,  and  at  the 
upper  end  for  in-situ  retorting.   The  high  value  of  22  barrels  of  water  per 
barrel  of  oil  was  due  to  groundwater  inflow  at  an  unwatered  site  and  is  not 
realistic  for  production. 

Surface  Disposal  of  Spent  Shale 

Runoff  derived  from  shale  disposal  piles  may  adversely  affect  surface  water 
quality  unless  proper  measures  are  taken.   The  drying  of  the  spent  shale  piles 
tends  to  cause  the  movement  of  water  by  capillary  action  to  the  surface.   When 
this  water  evaporates,  it  leaves  the  dissolved  solids  it  contained  on  the 
surface.   The  deposits  will  dissolve  during  the  next  runoff  event. 
Experimental  data  are  available  on  the  composition  and  concentration  of 
dissolved  solids  on  runoff  from  spent  shale  piles  (Margheim  1975).   Increases 
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in  dissolved  solid  concentrations  of  sodium  (Na),  calcium  (Ca),  magnesium 
(Mg),  and  sulphate  (SO4)  would  result.   In  rainfall  simulation  work 
conducted  by  Margheim  (197.5)  on  Tosco  spent  shale,  an  increase  in  TDS  of  0.02 
pounds  for  an  800  square  foot  area  was  observed.   In  order  for  these  yields  to 
be  maintained  at  this  level,  dump  slopes  must  be  maintained  at  relatively  low 
angles  (8  to  10  degrees).   Also,  the  shale  must  be  moisturized  and  compacted 
to  a  90  percent  Proctor  density. 

The  concentration  of  leachate  and  the  amount  of  surface  runoff  to  be  obtained 
from  spent  shale  piles  is  dependent  upon  the  following  factors: 

-  success  of  r evegetation, 

-  spoil  pile  location, 

-  compaction  of  the  pile, 

-  the  drainage  system  established  around  and  over  the  piles, 

-  sediment  control  system  located  below  the  piles, 

the  engineering  properties  of  the  spent  shale  as  related  to  slope  s   b.1  i.ty 
and  erodibility, 

-  the  engineering  properties  of  the  raw  shale, 

-  the  geochemistry  of  the  spent  shale, 

-  the  geochemistry  of  the  raw  shale, 

-  initial  water  content  of  the  shale, 

the  amount  of  water  being  added  (mean  annual  precipitation  or  irrigation 
water), 

-  particle  size  of  the  shale, 

-  if  preleaching  occured,  and 

-  process  or  retorting  method  used. 


With  the  proper  mitigating  measures,  the  impact  to  surface  water  quali Ly  from 
spoil  pile  runoff  can  be  minimized.   These  measures  are  discussed  in  the 
Mitigation  section.   Additional  information  concerning  disposal  can  be  found 
in  Chapter  IV,  Surface  Reclamation  and  Waste  Disposal. 

Leachates  from  Disposal  Piles 

Leachates  from  spent  shale  spoil  piles  may  contain  high  concentrations  of 
Sodium  (Na),  Calcium  (Ca),  Magnesium  (Kg) ,  and  Sulphate  (SO^).   At  low 
concentrations  these  constituents  are  not  detrimental  for  many  water  uses. 

of  the  m  3    pent  shale  lead  tes  r?.v    be  toxic  to  p]  ml  ;, 

animals,  and  humans.   These  include  the  toxic  metals  lead  (Pb),  boron  (Bo), 
and  molybdeum  (Mo).   Also  concentrations  of  fluoride  (F) ,  lithium  (Li), 
phenols,  and  organonitrogen  are  sufficiently  high  to  warrant  further 
investigation  (US  DOE  1980). 

The  quantity  and  quality  of  raw  oil  shale  leachates  will  be  somewhat  different 
from  that  of  spent  oil  shale  leachates.   Leachate  from  raw  shale  may  be  in 
greater  volume  per  unit  area  and  could  have  similar  or  even  higher  levels  of 
total  dissolved  solids  (TDS)  and  inorganic  constituents.   The  pH,  carbonates 

(C^3)>  hydrogen  carbonate  (HCO3),  and  selenium  (Se)  contents  are  not 
significantly  different,  (Fox  1980). 

Surface  Water  Impacts  From  In-Situ  Leachates 

The  movement  of  leachates  from  the  retorts  into  the  groundwater  aquifer,  and 
to  the  stream  channels  will  eventually  occur.   Estimates  made  concerning 
leachate  transport  at  Tract  C-a  indicate  that  it  will  take  a  minimum  of  one 
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century  for  the  leachates  to  reach  Yellow  Creek  (Fox  1980).   Fox  (1980)  also 
estimated  that  it  will  take  a  minimum  of  two  centuries  for  leachates  to  reach 
Piceance  Creek  from  an  abandoned  retort  at  Tract  C-b. 

It  is  estimated  that  it  will  take  a  minimum  of  120  years  for  leachates  from  an 
abandoned  retort  at  Tract  C-ll  to  reach  Piceance  Creek,  and  a  minimum  of  105 
years  for  leachates  from  an  abandoned  retort  at  Tract  C-18  to  reach  Yellow 
Creek.   These  estimates  were  made  using  the  assumption  that  a  retort  would  be 
located  in  the  middle  of  the  lease  tracts,  and  the  leachates  would  travel 
through  the  lower  aquifer  at  a  rate  of  102  ft/yr  (see  Chapter  II,  Groundwater 
Quality)  and  discharge  into  the  stream  reach  which  is  the  closest  distance  to 
the  retort.   The  distances  used  were  2  1/4  miles  from  C-ll  to  Piceance  Creek, 
and  2  miles  from  C-18  to  Yellow  Creek.   Mitigating  measures  are  described  in 
Chapter  IV,  Groundwater  Quality  which  should  reduce  the  quantity  of  leachates, 
and  thus  the  potential  impact  to  the  stream  channels. 

:;  Associated  With  Mahcolite  and  Daw  onite  E  covery 
Water  quality  problems  associated  with  the  recovery  of  sodium  (Na)  and 
aluminum  (Al)  from  nahcolite  and  dawsonite  could  occur  unless  proper  treatment 
and  disposal  of  resulting  effluents  are  taken.   The  recovery  of  Na  and  Al  will 
most  likely  be  accomplished  by  a  leaching  process.   If  the  recovery  is  to  take 
place  from  retorted  shale,  the  retort  must  be  operated  at  temperatures  less 
than  650°C  to  prevent  the  Al  and  Ma  from  becoming  insoluable. 

Very  little  information  is  currently  available  on  the  water  quality  problems 
associated  with  the  recovery  of  Na  and  Al  from  nahcolite  and  dawsonite.   Work 
currently  being  conducted  by  the  Bureau  of  Mines  at  the  Albany  Research  Center 
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indicates  that  through  the  recovery  of  Na  and  Al ,  vanadium  (V),  molybdenum 
(Mo),  boron  (B),  potassium  (K) ,  phosphorus  (P),  fluoride  (F)>  and  sulphate 
(SO^)  will  also  be  made  available  (White  1982).   Estimates  of  the  quantity 
of  these  substances  is  currently  not  available.   Proper  disposal  of  these 
substances  must  be  done  to  assure  that  they  do  not  reach  the  surface  water 

system. 

< 

By  preleaching  the  spent  shale  for  the  recovery  of  Na  and  Al ,  man)'  of  the 
compounds  which  would  be  leached  from  spent  shale  piles  will  already  be 
removed  prior  to  final  pile  formation.   Thus,  if  these  compounds  are  disposed 
0   u     .   Lr      a]  ;  sou  i  way ,  the  long-term  cumul  atr\   Impacts 
associated  with  oil  shale  development  and  Na  and  Al  recovery  could  be  less 
than  those  obtained  from  spent  shale  piles  which  were  not  preleached. 

Mitigation 

The  following  mitigation  is  recommended  to  minimize  pollution  of  surface 
waters  from  leachates  and  other  process  waters.   These  measures  are  the  type 
specified  in  the  Environmental  Stipulations  of  the  lease,  Section  9: 

1)  Water  be  channeled  around  spoil  piles. 

2)  Construction  of  drainage  and  collection  systems  to  catch  surface  runoff 
and  sediment  from  spoil  piles. 

3)  Provide  lined  impoundments  between  the  spoil  pile  and  the  stream  channel 
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4)  Careful  placement,  compaction,  wetting,  and  engineering  of  the  spoil 
piles . 

5)  Detailed  geochemical  analysis  of  raw  and  spent  shale  should  be  done  for 
determination  of  potential  leachates. 

6)  The  covering  of  spoil  piles  as  soon  as  possible  with  an  adequate  mantle 
of  non-toxic  top  soil  and  rapid  r evegetation . 

Further  study  needs  to  be  initiated  ir\to  the  disposal  of  process  waters. 
Waters  disposed  of  by  evaporation  or  codisposal  must  first  be  stream  stripped 
and  treated  to  remove  a  majority  of  the  organic  and  inorganic  substances. 
These  substances  must  then  be  disposed  of  in  an  environmentally  sound  way. 

Wastewaters  associated  with  domestic  uses  shall  be  collected  and  treated. 
Treated  effluent  can  be  used  for  revegetation  or  to  supplement  the  water 
■  uirecl  for  other  processes. 

A  zero  discharge  policy  similar  to  that  outlined  by  C-a  and  C-b  should  be 
adopted  on  any  new  lease  tracts. 

Water  quality  control  technologies  which  have  been  developed  by  oil  refining 
industries  can  be  applied  to  oil  shale  processing  (Crawford  et  al  1977). 
Final  disposition  of  waste  water  should  be  by  evaporation  or  by  incorporation 
into  retorted  shale. 
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Waste  raters  associated  with  domestic  uses,  shall  be  collected  and  treated. 
Treatment  effluent  can  be  used  for  revegetation  or  to  supplement  the  water 
required  for  other  processes. 

If  the  above  measures  are  incorporated,  pollution  of  surface  and  groundwater 
resources  from  leachates  and  contaminated  waters  should  not  be  a  major 
problem. 

Monitoring 

Monitoring  of  surface  and  groundwater  resources  (as  specified  in  the 
Environmental  Stipulations  of  the  lease.  Section  ]  (c)  (2)  (a)S  ( b)  should  be  done 
in  oiclcr  to  detect  changes  related  to  any  of  the  above  mentioned  water  quality 
problems . 

Statutory  Regulations 

There  are  federal  and  state  laws  designed  to  protect  the  quality  of  the 
surface  and  groundwater  of  the  Piceance  Basin.   The  Federal  acts  and  standards 
which  are  applicable  are: 

1.  Federal  Water  Pollution  Control  Act  (PL  92-500) 

2.  Surface  Mining  Control  and  Reclamation  Act  (PL  95-87) 

3.  Resource  Conservation  and  Recovery  Act  (PL  94-580) 

4.  Safe  Drinking  Water  Act  (PL  93-523) 
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5.    Colorado  River  Basin  Salinity  Control  Forum  Standards 

In  addition,  the  State  of  Colorado  has  adopted  water  quality  standards  and 
effluent  limitations.   They  include  basic  standards  that  apply  to  all  state 
waters  for  both  surface  and  groundwater,  and  additional  standards  which  apply 
to  specific  waters.   Specific  water  quality  standards  which  apply  to  the 
proposed  lease  tracts  are  identified  in  the  Colorado  West  Area  208  Plan. 
Colorado  has  also  adopted  an  "Ant idegradation  Policy"  which  applies  to  both 
surface  and  groundwaters.   This  policy  requires  that  state  waters  be 
maintained  at  existing  quality  unless  it  can  be  demonstrated  that  a  change  is 
necessary . 

VEGETATION 

Vegetation  Types 

The  types  and  amounts  of  vegetation  that  would  be  disturbed  vary  between 
tracts  and  according  to  the  mining  method  in  id.   TabL   EV--11       '   :  the 
number  of  acres  of  surface  disturbance  that  would  occur  for  each  development 
scenario  by  range  site.   This  is  shown  for  different  uses  on  each  tract  (C-ll 
and  C-18).   The  Combined  Alternative  would  be  the  totals  for  both  tracts, 

which  would  vary  depending  upon  which  development  scenarios  would  be  used. 

> 

For  purposes  of  this  "worst  case"  analysis,  it  is  assumed  that  the  most 
productive  forage  lands  would  be  impacted. 

No  Action  Alternative 


r 


DEVELOP 


TABLE  IV-11 

/.cres  of  range  site  10     id  for 
:nt  activities  by  tract  and  development  scenario 


Surface 
Facilities 


C-ll 


C-li 


Waste 
Disposal 


C-Il 


C-li 


Land 
Leveling 


C-ll 


C-18 


Totals 


C-ll   C-li 


Direct  Mining 
Chained  pinyon- 

juniper        400    400 
Foothills  Swale 
Rolling  Loam 

TotrJ  400    400 


300  100 

500  100 

200  800 

1,000  1,000 


700  500 

500  100 

200  800 

1,400  1,400 


Mine  Assisted  In-Situ 
Chained  pinyon- 
;j   •  200 

■ 
Rolling  Loam 

Total  200  200 


500 

300 

]  I  0 

600 

1,000 

1,000 

700        500 
500 

600 
1,200    1,200 


^ r  uJLJLn~  ^1  ^y. 

Chained    pinyon- 

juniper  200  200 

Foothills    Swale 
Rolling    Loam 
Mountain   pinyon- 

juniper 
Rocky  pinyon- 

juniper 
Total  200  200 


500  300 

550  100 

1,050      1,700 


900 


800 


100 
3,000      3,000 


700        500 

550        100 

1,050    1,700 


900 


800 


100 
3,200    3,200 
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Under  this  alternative  up  to  20,000  acres  in  the  resource  area  could  be 
disturbed  by  coal  raining,  oil  and  gas  drilling,  oil  shale  development  on 
Tracts  C-a  and  C-b  and  sodium  mining.   These  disturbances  would  mostly  occur 
in  the  pinyon- juniper ,  sagebrush  and  mountain  shrub  vegetative  types.   These 
types,  hov/ever,  should  not  be  significantly  impacted  because  these 
disturbances  represent  only  one  percent  of  the  resource  area,  and  the 
disturbed  areas  would  be  reclaimed. 

The  only  impacts  on  the  tracts  themselves  would  be  due  to  the  sodium  leasing 

which  would  disturb  a  total  of  177  acres.   This  would  probably  take  place  in 

the  rolling  loam  or  pinyon- juniper  range  sites.  This  impact  should  not  be 
significant . 

Combined  Alternative 

At  the  end  of  the  mine  life  all  areas  would  be  reclaimed  that  had  not  been 
completed  previously  (Environmental  Stipulations  of  the  lease,  Section  11, 
Reh  '  :  i  i  tai  Ion)  .  It  would  take  thi  ee  to  four  ye  ;    to  reclaim  at        j  :bed 
by  surface  facilities  and  land  leveling,  and  four  to  six  years  to  reclaim  the 
waste  disposal  pile  to  a  grass  dominated  plant  community.   A  more  complete 
discussion  of  reclamation  is  contained  in  Chapter  IV,  Surface  Reclamation. 

Returning  the  chaining  to  existing  conditions  or  the  pinyon- juniper  stands  to 
a  subclimax  community  could  be  done  within  a  few  years  after  reclamation.   The 
return  of  the  rolling  Loam  and  foothills  swale  range  sites  to  a  natural 
community  would  take  approximately  20  years  due  to  the  growth  of  shrubs. 
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The  areas  can  be  reclaimed  by  either  introduced  or  native  species.   If  they 
are  reclaimed  with  introduced  species,  it  would  take-  the  vegetation  longer  to 
return  to  the  native  plant  community. 

In  the  rolling  loam  or  foothills  swale  range  sites,  a  return  to  the  natural  or 
climax  community  would  be  desired.   In  the  chained  areas,  a  return  to  the 
existing  conditions  may  be  desired.   In  the  pinyon- juniper  sites,  a  return  to 
a  subclimax  grassy  community  or  a  climax  community  may  be  desired. 

The  waste  disposal  piles  must  be  covered  sufficiently  with  topsoil  in  order 
for  them  to  support  a  native  plant  community.   If  they  are  not  covered,  a  salt 
desert  shrub  c      Lty  i  Lth  low  productivity  may  develop.   Although  returning 
the  land  to  its  existing  vegetative  productivity  is  committed  mitigation,  this 
may  be  a  problem  on  the  C~ll  Tract. 

While  the  loss  of  these  acres  does  not  represent  a  significant  loss  to 

vegetation  as  a  whole  in  the  White  R.iver  Resource  Area,  it  may  have  a 

significant  impact  on  the  use  of  vegetation  by  other  resources  in  the 

immediate  area  (see  Chapter  IV,  Wildlife,  Grazing  and  Forestry  sections). 

C-11  and  C-18  Alternatives 

The  qualitative  impacts  described  in  the  Combined  Alternative  narrative 
section  are  also  applicable  to  both  the  C-11  and  C-18  alternatives.   Table 
IV-11  differentiates  the  quantity  of  range  sites  disturbed  by  each  development 
scenario  and  by  alternative. 

Threatened  and  Endangered  Plants 
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None  of  the  alternatives  would  significantly  impact  threatened,  endangered  or 
rare  plants.   However,  the  loss  of  undiscovered  threatened,  endangered  or 
sensitive  plant  populations  would  be  a  significant  impact  resulting  in  the 
loss  of  important  ecological  and  biological  data.   There  is  a  probability  of 
disruption  or  impact  to  the  three  known  sites  of  Astragalus  lutosus  within  the 
tract  boundaries.   Astragalus  lutosus  is  currently  under  review  for  possible 
inclusion  in  the  USFWS  List  of  Threatened  and  Endangered  Plant  Species. 

Grazing 

Surface  disturbance  would  remove  forage  available  for  livestock  use.   The 
amount,  longevity,  and  type  of  surface  disturbance  resulting  from  the 
development  scenarios  would  impact  grazing  to  a  variable  degree.   Table  IV-12 
summarizes  the  quantity  of  AUMs  impacted  by  tract  and  development  scenario 
based  on  range  site  disturbances  identified  in  Table  IV— 11. 

No  Action  Alternative 

Under  this  alternative,  up  to  1,500  AUMs  of  foragi      d  b<  i   po.i  ■'■',■    I 

due  to  coal  mining,  oil  and  gas  drilling,  oil  shale  development  on  Tracts  C-a 

and  C-b,  and  sodium  mining.   This  is  only  one  percent  of  the  AUMs  in  the  White 

River  Resource  Area  and  should  not  be  significant. 

Sodium  leasing  and  oil  and  gas  drilling  would  be  the  only  actions  affecting 
the  Square  S  Allotment.   The  temporary  loss  of  approximately  15  to  20  AUMs 
caused  by  this  disturbance  should  not  significantly  affect  the  allotment. 

Combined  Alternative 
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TABLE  IV- 12 

AUMS  OF  FORAGE  IMPACTED  BY  TRACT  AND 

DEVELOPMENT  SCENARIO 


Surface  1/ 
Facilities 


C-ll    C-ll 


Waste  2/ 
Disposal 


C-ll    C-ll 


Land  3/ 
Leveling 


C-ll    C-18 


Totals 


C-ll   C-18 


No  Action  4/ 

Direct  Mining 

Mine  Assisted 
In-Situ 

True  In-Situ 


100    100 


'50 

50 


50 
50 


140    12: 


170    140 


375    375 


240   22  5 

220    190 
425    425 


1/        These  AUMs  would  be  lost  for  the  entire  life  ci  th   i  Lne. 

2/   The  majority  of  these  AUMs  would  be  lost  for  the  first  15  years  of  mine 
life. 

3/    These  losses  in  AUMs  would  occur  over  the  entire  life  of  the  mine, 
however,  only  75  AUMs  in  each  tract  would  be  lost  at  one  time. 

4/    Assumes  no  additional  tract  leasing  and  consequently  no  further  impacts 
to  the  existing  situation  as  discussed  under  the  No  Action  Alternative. 
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The  Combined  Alternative  includes  the  total  impacts  that  will  occur  if  both 
tracts  are  developed.   Each  tract  could  have  a  different  development 


scenario . 


The  worst  case  situation  for  livestock  grazing  under  the  Combined  Alternative 
would  be  direct  mining  and  surface  retorting  on  both  tracts.   Approximately 
465  AUMs  representing  11  percent  of  the  allotment's  grazing  capacity  would  be 
affected.   This  would  amount  to  a  loss  of  approximately  15  days  of  spring  use 
from  pastures  B  and  F  (where  the  operator  would  be  required  to  obtain  forage 
for  livestock  elsewhere).   This  reduction  in  spring  use  is  important  since  it 
occurs  when  the  operator  needs  to  move  livestock  off  his  fields  and  onto  the 
allotment.   This  is  necessary  to  maintain  livestock  health  and  to  begin  hay 
production  on  these  fields.   A  reduction  in  spring  use  also  conflicts  with  the 
AMP  objective  to  continue  spring  livestock  use  to  improve  wildlife  habitat 
conditions.   This  situation  would  continue  for  the  first  15  years  of  mine 
operation.   After  15  years,  xvhen  a  majority  of  the  waste  disposal  piles  are 
reclaimed,  a  total  of  200  AUMs  would  remain  unavailable  in  pastures  B  and  F 
due  to  surface  facility  disturbances  on  the  two  tracts.   This  represents  a 
five  percent  reduction  in  the  allotment's  grazing  capacity  and  aloss  of  six 
to  seven  days  of  spring  use  from  pastures  B  and  F.   Under  this  method,  the 

land  should  return  to  Its  productive  potential  after  the  life  of  the  mine. 

* 

The  minimum  impact  situation  for  livestock  grazing  under  the  combined  leasing 
alternative  would  be  from  true  in-situ  development  on  both  tracts.   A  total  of 
approximately  850  AUMs  would  be  affected,  however,  only  250  AUMs  representing 
six  percent  of  the  allotment  would  be  lost  at  any  one  time  from  land  leveling 
and  surface  facilities.   This  would  result  in  a  loss  of  approximately  eight 
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days  of  spring  use  from  pastures  B  and  F.   After  the  first  15  years  of  mine 
life,  the  loss  of  250  AUMs  would  be  more  than  compensated  for  by  improved 
forage  conditions  due  to  reclamation  and  other  range  improvement  practices  in. 
the  B  and  F  pastures.   Under  the  true  in-situ  scenario,  forage  production 
would  probably  be  increased  over  the  potential  productivity  levels  during  the 
first  30  to  40  years  immediately  following  the  life  of  the  mine.   This  is 
because  pinyon- juniper  stands  considered  too  steep  and  rocky  for  vegetative 
manipulation  would  be  reclaimed  to  a  grass  dominated  site.   However,  over  the 
long-term  (75  to  150  years)  these  stands  would  revert  back  to  pinyon- juniper 
woodlands  and  original  productive  potential. 

However,  the  AUIi  losses  discussed  in  the  worst  case  and  minimum  impact 
situations  above  could  be  off-set  through  timely  implementaiton  of  range 
improvement  projects  by  industry  in  addition  to  reclamation  of  disturbed 
sites . 

All  three  development  scenarios  would  have  impacts  on  certain  range  projects 
also.   The  most  important  impacts  would  involve  a  developed  well  and  pipeline 
system,  and  a  spring  in  the  B  and  F  pastures,  which  provide  the  bulk  of  the 
water  to  these  pastures.   All  development  scenarios  would  lower  the  water 
table,  thus  reducing  the  amount  of  water  provided  by  these  facilities.   These 
effects  would  be  both  short-term  and  long-term  although  the  water  table  would 
probably  return  10  or  more  years  after  mine  shut  down.   Due  to  committed 
mitigation,  any  water  lost  from  these  facilities  would  have  to  be  replaced 
from  some  other  source  (Oil  Shale  Lease  Stipulations,  Section  11,  Protection 
of  the  Environment:  Additional  Stipulations;  and  Section  12,  Operations  on  th< 
Leased  Lands:  Water  Rights). 


2^ 


The  only  other  potentially  significant  impact  to  a  range  improvement  would  be 
disturbance  to  the  1,200  acres  of  pinyon- juniper  chaining  on  the  tracts. 
However,  these  would  be  reclaimed  and  there  should  not  be  a  long-term  effect. 
Productive  potential  of  vegetation  on  this  allotment  may  not  be  achieved  in 
the  short-term  as  planned  due  to  interference  from  surface  disturbing 
activities . 

Increased  human  populations  would  cause  livestock  problems  similar  to  those 
described  in  Chapter  IV,  Wildlife,  Secondary  Off-tract  Impacts. 

C-18  Alternative 

The  impacts  from  this  alternative  would  be  similar  to  those  of  the  combined 
alternative,  but  quantitatively  less.   Depending  on  development  scenario, 
approximately  125  to  225  AUMs  of  forage  could  be  lost.   This  is  approximately 
half  the  impact  of  the  Combined  Alternative  and  0  to  15  AUMs  less  than  what 
would  be  lost  under  the  C-ll  A3  i  'native.   Sp  re  B  would  be 

reduced  by  approximately  four  to  seven  days.  In  the  long-term,  the  potential 
for  increasing  AUMs  from  true  in-situ  type  reclamation  would  be  less  than  for 
the  Combined  Alternative. 

The  impacts  on  the  welJ  would  be  less  than  in  the  Combined  Alternative.   Only 
500  acres  of  chaining  have  the  potential  for  being  temporarily  disturbed 
instead  of  the  1,200  acres  under  the  Combined  Alternative. 

C-ll  Alternative 
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The  consequences  of  this  alternative  would  be  the  same  as  the  C-18  Alternative 
with  the  following  exceptions.   Depending  on  the  devel  pment  scenario,  125  to 
240  AUMs  of  forage  would  be  lost,  or  0  to  15  AUMs  more  than  the  C-18 
Alternative.   Forage  and  grazing  use  would  be  lost  from  pasture  F. 
Approximately  700  acres  of  chaining  have  the  potential  for  being  temporarily 

disturbed  instead  of  the  500  acres  under  the  C-18  Alternative. 

« 

FORESTRY 

The  primary  environmental  consequence  to  pinyon- juniper  woodlands  resulting 
from  additional  oil  shale  leasing  would  be  the  loss  of  an  undetermined  number 
of  acres  which  would  be  in  a  non-productive-  woodland  status  for  an  extended 
period  of  time  until  successful  reclamation  occurs. 

The  total  number  of  woodland  acres  lost  will  depend  on  the  exact  location  of 
developments,  including  permanent  surface  facilities,  surface  waste  disposal 
areas,  and  land  leveling  operations. 

Under  the  No  Action  Alternative,  the  loss  of  woodland  acres  would  continue  in 
the  present  trend  due  to  developments  associated  with  existing  oil  shale 
leases,  oil  and  gas  activity  and  support  facilities.   Pending  sodium 
Preference  Right  Lease  Applications  (PRLAs),  which  are  adjacent  to  or  nearby 
areas  under  oil  shale  lease  consideration,  if  approved,  would  accelerate  the 
loss  of  woodland  acres.   The  total  number  of  woodland  acres  lost  depends  on 
the  exact  location  and  scale  of  developments. 
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Due  to  the  slow  regeneration  and  growing  characteristics  of  hoth  pinyon  and 
juniper,  the  area  may  not  return  to  a  productive  status  for  100  to  150  years 
or  longer  depending  upon  the  proximity  of  the  closest  seed  source  if 
reforestation  is  left  to  natural  regeneration.   However,  if  pinyon  and  juniper 
seedlings  are  properly  planted  at  the  time  of  reclamation,  the  return  to  a 
productive  woodland  status  could  be  accomplished  in  50  to  75  years  or  sooner 
depending  on  the  quality  of  the  site  (Zarr  1977). 

The  worst  case  effects  on  pinyon- juniper  woodlands,  from  the  development 
alternatives  are  shown  in  Table  IV-13.   This  table  shows  the  maximum  potential 
losses  to  pinyon- juniper  woodlands  by  alternative  and  development  scenario. 
These  acreages  are  considered  maximums,  actual  losses  would  probably  be  less 
since  it  is  unlikely  that  all  surface  disturbance  would  occur  on  existing 
pinyon- juniper  wood  lands. 

The  true  in-situ  mining  method  poses  the  highest  potential  losses  to  woodlands 
since  more  sarivi--'  disturb  i  i  Id  occui  1  me.  turn  pol  ;n  La'J  :roai 
this  method  involve  the  majority  of  woodland  acres  within  each  tract  boundary. 

Such  large  scale  elimination  of  woodlands  would  result  in  long-term  changes  in 
the  appearance  of  the  landscape.   Revege tat  ion  of  disturbed  woodland  areas 
would  reestablish  permanent  vegetation  of  a  quality  which  will  support  fauna 
of  the  same  kinds  and  in  the  same  numbers  as  those  existing  before  disturbance 
(Environmental  Stipulations  of  the  lease,  Sections  h   and  11).   This  is 
considered  to  be  a  difficult  task  due  to  the  time  factor  involved  in 
reestablishing  pinyon- juniper  woodlands. 
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TABLE  IV-13 
MAXIMUM  POTENTIAL  ACREAGE  LOSS  TO  PINYON- JUNIPER  WOODLANDS 
BY  ALTERNATIVE  AND  DEVELOPMENT  SCENARIO 


Direct  Mining  and       Mine  Assisted 

Surface  Retorting  In-Situ True  In-Situ 


No  Action  

C-ll                                                        1,400  1,200  2,300 

C-18                                                       1,400  1,200  2,500 

Combined    '■'•  Minimum  2,400  Maximum  4,800 


■  nine  pol  varial  Tl  '  aimum   and 

:  •       been  calci  >   identify   t  he  range   of 

potential    occurrence. 
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From  a  forest  resource  management  point  of  view,  impacts  from  disturbances 
resulting  from  leasing  of  additional  oil  shale  tracts  is  not  considered 
serious  for  any  of  the  designated  alternatives  or  methods  of  mining.   Despite 
the  potential  for  extensive  clearing  of  piuyon- juniper  woodlands,  the 
productivity  of  these  forest  lands  on  both  tracts  is  considered  low  due  to 
overall  inadequate  volumes  for  commercial  interest.   Therefore,  no  serious 
adverse  impacts  to  forest  resource  management  are  anticipated. 

WILDLIFE 

This, section  has  been  organized  using  three  major  categories:   Terrestrial, 
Aquatic,  and  Threatened  and  Endangered  Species.   Described  impacts  are 
applicable  to  each  of  the  three  development  alternatives  unless  addressed  as 
tract-specific.   Quantitative  estimates  have  been  identified  where  applicable. 

The  No  Action  Alternative  would  not  result  in  impacts  to  the  wildlife  resouce 

i  i  I  ;  i  •  L    ;  ;  ,    Leasing »   l-Iowi  iver ,  '     >1         T  dlife  i  I   i :  .  ■' 
animal  population  declines  would  continue  from  on-going  energy  development 
projects.   Approximately  36,000  acres  of  wildlife  habitat  would  be  impacted. 
This  correlates  to  a  mule  deer  carrying  capacity  or  population  decline  of 
approximately  2,000  animals.   Water  requirements  for  project  development  would 
impact  aquatic  enviro ..   nts  and  decrease  available  water  for  wildlife  use  .:nd 
consumption.   Increases  in  local  human  populations  would  provide  ma jor  'primary 
and  secondary  impacts  to  the  wildlife  resource. 

Terrestrial 
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Important  adverse  impacts  to  terrestrial  animal  life  occur  as  a  result  of  (1) 
on-tract  physical  destruction  or  alteration  of  habitai. ,  (2)  human  encroachment 
on  habitat,  (3)  direct  mortality  to  wildlife,  and  (4)  secondary  off-tract 
impacts.   These  impacts  will  be  discussed  .separately  below. 

On-- Tract  Physical  Destruction  or  Alteration  of  Habitat 
The  physical  destruction  or  alteration  of  habitat  parti;  jlarly  from 
large-scale  operations  is  one  of  the  most  crucial  impacts  to  the  wildlife 
resource.   Habitat  destruction  or  alteration  occurs  mainly  during  road 
construction  activities,  establishment  of  surface  mine  facilities,  development 
of  ove      n  and  spe    i  h  le  piles,  construction  of  product  transportation 
systems,  and  placement  of  utility  corridors. 

The  estimated  quantity  of  habitat  destroyed  or  altered  for  each  alternative 
and  development  scenario  is  summarized  in  Table  IV-7.   Duration  of  habitat 
disturbance  is  variable  and  can  be  separated  into  permanent  and  temporary 
categories.   Permanent  indicates  that  the  habitat  would  be  disturbed  for  the 
entire  mine  life  and  would  not  be  available  for  wildlife  use  until  reclaimed 
after  mine  shut  down  (e.g.,  surface  mine  facilities).   Temporary  disturbances 
would  be  reclaimed  within  a  shorter  time  period  and  prior  to  mine  abandonment 
(e.g.,  pipeline  corridors,  spent  shale  piles). 

Disturbance  of  terrestrial  habitat  reduces  the  quantity  of  vegetation 
available  for  wildlife  consumption.   Forage  loss  would  be  most  deleterious  to 
mule  deer  since  preferred  deciduous  shrub  production  is  considered  a  limiting 
factor  regulating  herd  size  in  Piceance  Basin.   Projected  declines  in  mule 
deer  carrying  capacity  from  loss  of  terrestrial  habitat  for  each  alternative 
and  development  scenario  are  presented  in  Tables  IV-1A  and  IV-15. 


TABLE    IV-14 
ESTIMATES    OF   REDUCTION   IN   MULE    DEER   CARRYING 
CAPACITY    FROM    BLM-DOW    POPULATION   OBJECTIVES    IN 
GAME  MANAGEMENT    UNIT    22   BY   ALTERNATIVE   AND   DEVELOPMENT    SCENARIO 


Alternative 


Carrying  Capacity  Decline  by  Development  Scenario  (Number) 


Direct  Mining  and 
Surface  Retorting 
Low        High 


Mine  Assisted 

In-Situ 
Low       High 


True  In-Situ 
Low Uigh 


No  Action  1/ 

C-Il 

C-18 

Combined 


120        168  88 

85        119  63 

Variable  from  151-549 


138 
98 


150 
107 


321 
228 


Note:   Estimates  include  habitat  destruction  and  human  encroachment  impacts. 
Low  estimates  are  based  on  assumptions  that:   (1)  a  maximum  of  200 
acres  of  surface  disturbance  would  occur  at  any  one  time,  and   (2) 
rehabilitated  areas  reestablish  into  productive  wildlife  habitat 
within  one  year.   High  estimates  are  ba.^ed  on  assumptions  that:   (1) 
approximately  60  percent  of  the  total  projected  disturbance  (Table 
IV-14)  would  be  in  an  unproductive  condition  for  wildlife  at  any  one 
time,  and  (2)  rehabilitated  areas  would  require  10  to  15  years  for 
reestablishment  into  productive  wildlife  habitat.   Human  encroachment  . 
i     ts  ar   based  on  i  0. 1   Lie  zone  around  the  ' ;   url   '    as    '.yon 
(     )  descrxb      tiodo   jy  ,  ;.  Ltat . 

1/   Assumes  no  additional  tract  leasing  and  consequently  no  further  impacts  to 
the  existing  situation. 
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TABLE  IV- 15   . 
MATRIX  SU    R.IZING  ESTIMATED  REDUCTION  IN  MULE  DEI 
CARRYING  CAPACITY  FOR  VARIOUS  LEASING  COMBINATIONS 
UNDER  THE  COMBINED  ALTERNATIVE 


C-18 

Alternative 


Direct  Mining 
Low        High 


C-ll  Alternative 


Mine  Assisted  In-Situ 
Low       High 


True  In-Situ 
Low Hi  g  h 


Direct  Mining     205 


287 


173 


257 


235 


440 


Mine  Assisted 

In-Situ        183 


True  In-Situ 


227 


266 
396 


151 
195 


236 
366 


213 
257 


419 
549 


Mote:   Footnol         abl«  I\       '.  .  .   identical  \      '    app3.icable  here  too 
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Cover  utilized  by  wildlife  for  reproduction,  escape  and  protection  from 
adverse  weather  conditions  would  also  be  destroyed.   Pinyon- juniper  provides 
thermal  cover  to  mule  deer  during  inclement  weather.   Pinyon- juniper  cover  on 
this  portion  of  winter  range  is  important  since  the  highest  deer 
concentrations  are  present  on  these  areas  during  periods  of  most  severe 
weather  conditions. 

A  potential  impact  of  presently  undetermined  importance  is  the  intake  of  trace 
metals  by  ruminent  herbivores  in  vegetation  growing  on  processed  shale.   The 
consumption  of  molybdenum  is  the  main  potential  problem.   It  has  been  shown 
that  cattle  can  acquire  molybdenosis  if  the  right  combination  of  copper, 
sulfates,  and  molybdenum  are  injested  over  a  period  of  time.   The  effect  on 
deer  is  essentially  unknown. 

Present  reclamation  technology  is  unproven  or  inadequate  in  several  categories 
c  :  ng  wild]  •  '  .  :  : '.  I  ■  .        ;  -  h  i  ■    itity  and 

quality  to  that  destroyed  or  damaged.   Methodology  for  revegetating  spent 
shale  piles  on  a  large  scale  basis  is  in  the  speculative  phase.   Surface 
disturbance  has  been  successfully  revegetated  in  the  short-terra  with  grass  and 
forbs,  but  to  a  lesser  degree  with  preferred  browse  species  and  pinyon- juniper 
cover.   Establishment  of  grass  and  forbs  can  increase  site  productivity  and 
provide  additional  forage  for  big  game  use  during  spring  and  fall  seasons. 
However,  this  forage  becomes  unavailable  during  the  winter  when  sufficient 
snow  accumulation  occurs.   Successful  establishment  of  browse  stands  may 
require  10  to  20  years  after  initial  planting.   Seventy-five  to  150  years  may 
be  required  before  reestablishnient  of  pinyon-juniper  to  conditions  where 
adequate  winter  cover  is  provided. 


Reclamation  of  disturbed  sites  replaces  vegetation,  but  would  not  adequately 
compensate  entirely  for  the  forage  production  lost  over  the  period  of 
disturbance.   Implementation  of  habitat  improvement  projects  in  addition  to 
site  reclamation  is  necessary  to  mitigate  forage  loss  and  maintain  present 
carrying  capacities  of  the  habitat  for  wildlife  use.   Vegetation  monitoring  is 
necessary  to  ensure  that  forage  production  of  equal  quantity  and  quality  is 
achieved  from  mitigation  efforts. 

Human  Encroachment  On  Habitat 

The  effects  of  human  encroachment  on  wildlife  are  variable  depending  on  the 
type  and  qua  ttit}  of  encroachment,  the  tolerance  of  a  species  to  encroachmem  , 
and  the  time  of  year. 

A  significant  increase  in  vehicular  traffic  is  necessary  to  transport  mineral 
products  and  employees  (see  Chapter  IV,  Transportation).   On-tract  development 
and  improvement  of  road  systems  would  increase  local  disturbance  to  wildlife. 
Intense  disturbance  from  construction  activities  would  also  affect  wildlife. 

If  on-tract  housing  is  permitted,  additional  intensive  levels  of  encroachment 
would  impact  the  wildlife  resource.   This  would  especially  be  true  if  no 
after-hours  restrictions  are  placed  on  residents.   Such  encroachment  would 
occur  from  employees  who  participate  in  outdoor  recreational  activities  such 
as  four-wheel  driving  and  snowmobiling ,  and  greatly  increases  the  number  and 
opportunity  for  people/wildlife  encounters.   Illegal  camping  of  temporary  or 
short-term  employees  would  promote  similar  adverse  impacts. 
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Wildlife  species  respond  differently  to  human  disturbance. 
Disturbance-tolerant  species  such  as  passerine  birds,  mourning  dove  and 
cottontail  would  probably  adjust  to  increased  encroachment  and  would  not  be 
significantly  impacted.   Disturbance-intolerant  species  such  as  mountain  lion 
and  elk  would  not  adjust  and  would  disperse  from  the  tracts  into  adjacent, 
less-impacted  habitats. 

The  season  of  year  when  disturbance  occurs  would  also  influence  wildlife 
response  to  encroachment.   Raptors  tolerate  human  encroachment  to  a  certain 
degree  except  during  territorial  establishment  and  egg  laying  periods  of 
nesting.   The  golden  eagle  nest  on  Tract  C-l 1  would  possibly  be  abandoned  if 
additional  encroachment  occurs  along  County  Road  24.   The  seasonal  use 
stipulations  and  area  of  no  surface  occupancy  would  minimize  adverse  impacts 
to  this  nest  from  mine  associated  activities.   Mine  related  activity  in  close 
proximity  to  undiscovered  raptor  nests,  particularly  the  tree  nesting 
accipiters  and  owls,  would  prove  detrimental  to  local  raptor  productivity  and 
populations.   This  could  be  an  impact  of  major  concern  since  two  of  the 
accipiter  species  found  here,  the  sharp-shinned  hawk  and  Cooper's  hawk,  are  on 
the  American  Birds  Blue  List.   Species  on  this  list  exhibit  indications  of 
non-cyclical  population  declines  or  range  contractions,  either  locally  or  on  a 
widespread  basis. 

On  these  tracts,  the  winter  season  would  be  the  most  critical  time  of  year  for 
harmful  impacts  to  mule  deer  from  encroachment.   Encounters  with  people  c<\a   be 
a  serious  matter  when  deer  are  concentrated  in  areas  of  marginal  cover,  under 
physiological  stress  because  of  poor  forage  nutrient  content  and/or  harsh 
weather,  and  restricted  in  mobility  by  deep  snow.   The  seasonal  restriction 
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stipulation,  to  protect  big  game  critical  winter  ranges,  would  be  applied  as 
warranted  to  reduce  this  impact.   It  would  not  eliminate  this  impact,  but 
would  minimize  it  where  management  actions  apply. 

Deer  could  acclimate  to  consistent  and  regular  encroachment.   However, 
inconsistent  encroachment  would  affect  deer  by  changing  animal  behavior, 
distribution  of  animals  and  animal  welfare.   Mule  deer  behavior  would  change 
when  encroachment  would  prevent  traditional  unrestricted  use  of  prime  feeding, 
bedding  or  watering  areas.   For  example,  if  encroachment  from  operation  of 
mine  facilities  occurs  only  during  daylight  hours  in  a  prime  feeding  area, 
d  ■  •   i  ay  T_  "' '"  unti]  dark  tc  forage  there.   Displa     nf:  of  wildlife  won"1  d 
occur-  if  encroachment  levels  exceed  their  specific  tolerance  levels  or  prevent 
adequate  use  of  crucial  portions  of  the  habitat.   Animal  welfare  would  be 
impaired  if  behavior  changes  or  animal  displacement  force  wildlife  to  inhabit 
areas  of  lesser  quality.   Animal  displacement  would  concentrate  animals 
together  causing  local  overuse  of  forage. 

Rost  and  Bailey  (1979)  and  Lyon  (1979)  both  concluded  that  habitat 
effectiveness  for  deer  and  elk  is  significantly  reduced  when  an  increase  in 
human  disturbance  occurs.   The  decline  in  habitat  effectiveness  depends  upon 
quantity  and  location  of  disturbance,  topography,  and  availability  of  adequate 
escape  cover.   A  0.1  mile  buffer  zone  surrounding  the  area  of  surface 
disturbance  was  established  to  determine  the  size  of  area  impacted  and  to 
estimate  the  number  of  animals  affected.   This  estimate  was  added  to  the 
predicted  animal  loss  from  direct  surface  disturbance  to  quantify  mule  deer 
impacts . 


n 


Effects  on  the  two  mule  deer  seasonal  mLgration  routes  is  presently  unknown 
because  the  location  of  facilities  is  undetermined.   Facility  placement  within 
or  adjacent  to  the  migration  routes  would  not  terminate  migratory  use  of  the 
area,  but  would  probably  force  deer  to  use  adjacent  areas  of  less  disturbance. 

Wild  horses  would  probably  be  displaced  from  their  present  location  to  the 
northeast  corner  of  the  Square  S  Allotment.   They  would  likely  remain  in  this 
pasture  pending  availability  of  adequate  water  supplies.   Inadequate  water 
supplies  would  force  horses  onto  the  North  Dry  Fork  Allotment.   Management 
conflicts  would  arise  since  forage  has  not  been  allocated  for  wild  horse  use 
on  this  allotment  and  would  result  in  adverse  impacts  to  vegetation  condition, 
and  present  authorized  use  by  livestock  and  wildlife. 

Direct  Mortality  to  Wildlife 

During  construction,  small  mammals  and  reptiles  of  limited  mobility  would  be 

killed.   Loss  of  these  prey  species,  in  turn,  may  impact  dependent  predator 

l  ]  I  ■  '    •  s  , 

A   significant   increase    in    traffic    volume    correlates    to   an   increase    in    the 
number    of    vehicle/wildlife    accidents.       Direct   mortality    from   road    kills    would 
occur    to    many   wildlife    species,    but   would   most    seriously   affect    mule    doer. 
Analysis    of    road   kill    information   collected   by   personnel    from  C-b   Tract    along 
the    Piceance   Creek    Road    (Rio   Blanco   County    Road    5)    indicates   vehicle-related 
deer    kills    fluctuate    annually.      The    periods    of    greatest    road   kill    frequency 
correspond    to   migratory  movement,    and    the    use    of    roadside    forage    and    hay 
meadows.       This    period    extends    from   mid-October    to    late-November   and 
early-February    to   late-April.      From    1977    to    1981,    435   road    kills   were   counted 
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along  County  Road  5.   This  count  does  not  include  road  kills  on  Highways  13 
and  64.   O-b  Tract  data  collected  during  1980  and  1981  indicates  an  average  of 
7.65  deer  killed  per  10,000  vehicles  on  the  Piceance  Creek  Road.   This  study 
also  indicated  that  weather  conditions  and  snow  depths  may  have  more  effect  on 
the  number  of  road  kills  than  volume  of  traffic. 

« 

Table  IV-16  summarizes  the  estimated  increase  in  vehicle-related  deer  kills 

from  increases  in  traffic  associated  with  the  various  alternatives  and 
development  scenarios. 

The  relationship  of  the  mining  i  ~  ■ '•  force  to  poaching  rates  has  been  clearly 
demonstrated  in  northwestern  Colorado.   Numerous  sources  report  incidents  of 
energy  workers  shooting  deer  and  other  wildlife  indiscriminately  enroute  to 
and  from  work.   This  unquantif iable  impact  is  compounded  in  areas  where  field 
work  coincides  with  periods  when  wildlife  are  most  active  (e.g.,  dawn  and 
dusk).   Establishment  of  a  busing  program  to  transport  employees  to  and  from 
work  would  reduce  the  quantity  of  road  kills  and  poaching  incidents. 

Secondary  Off-Tract  Impacts 

The  intensity  of  secondary  impacts  is  directly  proportional  to  population 

increases  in  local  communities.   Chapter  III,  Social  section  identifies  and 

describes  projected  population  increases  by  alternative  and  development 

scenario. 

Population  increases  would  result  in  land  consumption  (and  accompanying 
habitat  destruction)  for  residential,  commercial  and  community  (public 
facilities  and  services)  development.   Table  IV-6  estimates  the  acreage  of 
cropland  affected  by  urban  expansion  and  also  applies  to  the  quantity  of 
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TABLE    IV- 16 
ESTIMATED  ANNUAL   INCREASE   IN 
VEHICLE-RELATED    DEER   KILLS    1/ 


Estimated    Potential    Number   of    Deer    Killed    2/ 
1988                                                         1993  ~ 
Alternative  Low  High     Low         High 


No   Action   3/  —  —  —  — 

C-ll  207  287  608  1,113 

C-18  111  201  462  969 

Combined  318  488  1,070  2,082 


1/      Projections   based   on  estimated    traffic    increase   and   existing    Piceance 
Creek   road    kill   information. 


2/      1988    =   Peak   Construction   Year,       1993    =   Full    Production   Year, 

Low  =   25,000  bbls/day   production,      High  =    50,000   bbls/day   production 

3/      Assumes   no   additional    tract    leasing   and   consequently  no   further   impacts    to 
the   existing    situation. 


17 


CI" 


wildlife  habitat  destroyed  by  alternative  and  development  scenario.   An 
increased  number  of  domestic  animals,  especially  dogs  and  cats,  commonly 
accompanies  this  community  growth  and  would  result  in  direct  adverse  impacts 
on  wildlife  populations  and  distribution. 

Surveys  of  construction  personnel  indicate  their  preference  for  outdoor 

» 
recreational  activities  (see  Chapter  IV,  Recreation).   This  correlates  to  a 

substantial  increase  in  hunting,  fishing,  poaching  and  other 

recreation-related  disturbances  to  wildlife.   Of  particular  importance  is 

snowmobile  use  on  big  game  winter  range;  and  ORV  use,  backpacking  and  camping 

on  i  L<  d(  er  and  elk  summer  ranges . 

Increases  in  consumptive  use  of  wildlife  could  force  the  Colorado  Division  of 
Wildlife  to  alter  future  game  and  fish  management  strategics.  Adjustments  in 
bag  limits,  length  of  seasons  and/or  number  of  sportsmen  participating  may  be 
necessary  to  prevent  over-harvest. 

Aq  ua  t  i  c 

Water  quality  and  quantity  impacts  have  been  described  in  Chapter  IV, 
Hydrology.   It  is  assumed  that  a  water  augmentation  plan  (Environmental 
Stipulations  of  the  lease,  Section  9,  Pollution—Water)  would  be  developed  to 
mitigate  water  quality  and  quantity  impacts  in  Yellow  and  Piceance  Creek.   If 
successfully  implemented,  this  would  result  in  insignificant  impacts  to  stream 
productivity,  fisheries,  waterfowl,  wildlife  consumptive  use  and  animal 
distribution. 
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Any  spring  or  well  flow  depletions  within  the  affected  area  would  reduce  water 
quantity  available  for  animal  consumption;  affect  animal  distribution 
(especially  important  on  spring-summer-fall  deer  range);  reduce  available 
riparian  vegetation;  and  affect  riparian-dependent  wildlife  species. 

Threatened  and  Endangered  Species  (T/E) 

The  Biological  Assessment  review  received  from  the  U.S.  Fish  and  Wildlife 
Service  (USFWS)  concluded  that  this  action  is  not  expected  to  affect  the 
black-footed  ferret,  bald  eagle,  peregrine  falcon,  or  whooping  crane.   Due  to 
uncertainties  at  this  time,  an  accurate  estimation  of  water  depletion  from  the 
White  River,  if  any,  is  impossible.   The  USFWS  therefore  defers  its  biological 
assessment  review  on  the  Colorado  squawfish  and  humpback  chub  until  a 
preliminary  development  plan  or  detailed  development  plan  is  submitted  (for 
additional  information  refer  to  the  Review  of  Biological  Assessment  -  Public 
Comment  Letter  1). 

SU!  .'.':<  I  cy 

Some  of  the  wildlife  resource  impacts  addressed  have  been  described  only  in. 
narrative  terms  without  an  attempt  to  quantify  their  significance.   This  is 
mainly  due  to  several  factors:   (1)  unavailable  methodology  for 
quantification,  (2)  insufficient  data,  (3)  unknown  location  of  mine  :;i.te 
facilities  and  mining  technology  to  be  incorporated. 

However,  the  impacts  described  in  this  section  will  be  addressed  more 
specifically  with  adequate  monitoring  systems  and  mitigation  developed  in  the 
Habitat  Management  Plan  portion  of  the  Detailed  Development  Plan  as  required 
by  Section  4(B)  of  the  Oil  Shale  Lease  Environmental  Stipulations. 
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CULTURAL  RESOURCES 

The  BLM  has  contracted  for  a  cultural  resource  study  in  the  Piceance  Basin  to 
generate  data  of  area-wide  suitability  for  planning  the  proposed  oil  shale 
development.   This  study,  to  be  completed  in  October  1982,  will  analyze  known 
site  distribution  and  location  data,  existing  artifact  collections  and  areas 
surveyed  for  representiveness  of  the  oil  shale  area.   A  predictive  model  of 
sites  t3'pes,  location  and  distribution  will  then  be  constructed  and  field 
tested  for  accuracy  (Newkirk  et  al  March  1982).   Until  this  predictive  model 
is  completed,  existing  survey  data  will  be  utilized  to  assess  potential 
environmental  consequences  to  cultural  resources. 

Direct  impacts  to  both  archaeological  and  historical  resources  could  result 
from  surface  disturbing  activity.   Under  the  No  Action  Alternative,  the  sodium 
mine,  which  includes  portions  of  Tract  C-18,  would  create  a  surface 
disturbance  of  up  to  177  acres.   Since  it  is  not  known  how  much  of  the  actual 
surface  disturbance  would  be  within  the  C-18  boundary,  it  is  not  possible  to 
give  an  exact  figure  of  cultural  sites  which  could  be  disturbed  but  some 
disturbance  can  be  anticipated. 

Surface  disturbance  and  consequently,  impacts  to  cultural  sites  increase  with 
the  leasing  of  additional  tracts  for  prototype  oil  shale  development.   Since 
both  tracts  are  of  equal  size,  disturbance  would  be  governed  by  method  of 
development.   Table  IV-17  shows  the  number  of  sites  which  could  be  impacted  by 
tract  and  development  method  used.   Anticipated  cultural  resources  per  square 
acre  figures  have  been  developed  from  existing  survey  data  on  file  in  the 
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TABLE  IV- 17 
CULTURAL  RESOURCES  WHICH  COULD  BE  IMPACTED 
BY  ALTERNATIVE  AND  DEVELOPMENT  SCENARIO 


Direct  Mining  And 
Alternative       Surface  Retorting  In-Situ    True  In-Situ 


No  Action  None  None  None 

C-ll  8.6  3.6  25.9 

C-18  16.7  16.7  50.0 

Combined  23.3  23.3  69.8 


Mi 

ne' As  sis 
In-Situ 

ted 

None 

3.6 

16.7 

23.3 
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BLM's  White  River  Resource  Area  (Conner  and  Lang don  January  1981;  Weber  et  al 
April  1977).   Since  this  is  only  predictive,  no  estimate  of  the  significance 
of  these  sites  can  be  made. 

Existing  data  for  cultural  resources  shows  that  site  density  on  Tract  C-l 1  is 
lower  than  that  recorded  for  Tract  C--18.   Either  direct  mining  and  surface 
retorting  or  mine  assisted  in-situ  development  would  have  the  lowest  amount  of 
surface  disturbance.   Therefore,  either  of  these  development  scenarios  used  on 
Tract  C-ll  would  have  the  least  amount  of  adverse  impacts  on  cultural 
resources.   True  in-situ  development  on  Tract  C-l 8  would  have  the  greatest 
impact.   Subsidence  could  result  in  delayed  impacts  to  cultural  resources. 

Indirect  impacts  to  cultural  resources  could  also  occur.   Although  vandalism 
cannot  be  directly  related  to  the  alternatives,  it  can  be  considered  an 
indirect  adverse  impact.   Increased  access  by  energy  personnel,  construction 
crews  and  the  general  public  could  add  to  the  amount  of  damage  which  could  be 
done  to  archaeological  and  historic  sites. 

PALEONTOLOGY 

Adverse  Impacts 

During  the  construction  phase,  earth  disturbing  activities  could  damage  or 
destroy  both  vertebrate  and  invertebrate  fossils,  whose  quality,  quantity,  and 
significance  have  been  discussed  in  Chapter  III.   The  direct  access  by 
construction/mining  personnel  and  visitors  to  the  fossil  resources  could  lead 
to  fossils  being  vandalized  or  illegally  removed.   Monitoring  to  control 
possible  theft  or  vandalism  would  be  difficult. 
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Surface  disturbing  activities  could  also  cause  an  increased  erosion  rate  which 
would  increase  the  rate  of  weathering  damage  to  the  fossils. 

Beneficial  Effects 

Some  fossils  could  be  unearthed,  undamaged  during  surface  disturbing 
activities,  which  would  otherwise  have  gone  unnoticed.   Salvaging  these 
fossils  would  increase  our  knowledge  and  understanding  of  them  and  their 
environment.   However,  unmonitored  collecting  of  fossils  by  the  nonscientif ic 
community  over  a  period  of  time  would  result  in  a  significant  loss  of  research 
and  exhibit  material. 

VISUAL  RESOURCES 

Visual  resources  in  the  White  River  Resource  Area  are  managed  to  meet  the 
degrees  of  contrast  allowed  by  the  various  visual  resource  management 


Both  tracts  are  located  in  VRM  Class  IV.   This  class  allows  the  greatest 
degree  of  contrast.   No  areas  requiring  special  protective  measures  have  been 
identified.   The  proposed  developments  would  be  consistent  with  the  management 
of  Class  IV  areas  and  would  meet  the  allowable  degree  of  contrast  requirements 
by  using  standard  stipulations.   VJhile  a  large  amount  of  landscape 
alternatives  would  occur  under  the  "development"  alternatives,  the  impacts 
would  be  insignificant  because  the  tracts  are  located  in  areas  with  low  scenic 
qualities  and  viewing  sensitivies  thus  allowing  for  substantial  degrees  of 
contrast  with  the  natural  landscapes. 
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RECREATION 

All  of  the  development  alternatives  would  have  sorae  adverse  effects  upon  the 
hunting  use  of  the  tract  sites,  due  to  direct  disturbances  by  the  oil  shale 
operations.   In  addition,  all  four  of  the  alternatives  (including  the  No 
Action  Alternative  to  a  lesser  degree)  would  result  in  some  adverse  effects  to 
the  hunting  use  of  the  Piceance  Wildlife  Unit  (22),  due  to  an  increased  local 
population.   However,  the  overall  effects  upon  opportunities  for  outdoor 
recreation  would  be  small. 

Direct  Ira  pacts 

The  direct  effects,  caused  by  construction  and  operations,  include:   land 
disturbance,  noise,  game  habitat  less,  increased  traffic  on  previously  little 
traveled  roads,  construction  of  new  roads,  displacement  of  both  game  animals 
and  hunters,  and  an  aesthetic  depreciation  of  the  immediate  area. 

Hunter  use  on  the  proposed  tract  sites  cannot  be  quantified.   However,  it  is 
known  that  the  roads  on  these  sites  are  used  extensively  by  hunters  during  the 
appropriate  seasons  (see  Figure  IV-11).  If  any  of  the  roads  were  closed  due  to 
oil  shale  activity,  it  would  deny  access  to  hunters.   All  six  of  the  BLM  roads 
on  the  two  tracts  are  mainly  limited  access  type  of  roads.   The  Yellow  Creek 
Jeep  Trail  (Rio  Blanco  County  Road  83)  is  a  primary  access  road  and  denial  of 
this  route  to  hunters  would  be  a  significant  impact. 

The  fact  that  mule  deer  and  cottontails  (the  primary  game  species)  would  be 
displaced  from  the  immediate  area  (see  Chapter  IV,  Wildlife),  would  be  another 
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Proposed  Prototype  Oil  Shale  Pease  Tracts 


SCALE    1:  50.000 


iJ         Hunter  Camps 


Figure  IV-11     Recreation.   Hunter  Access  and  Hunter  Camps 
I        i        i 
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reason  for  a  decline  in  hunting  opportunities,  in  the  immediate  area  of  the 
tract  sites.  However,  the  effects  on  hunting  opportunities  in  the  Ficeance 
Wildlife  Unit  would  be  relatively  unnoticeable  as  a  whole. 

The  addition  of  man-made  structures,  noise  and  traffic  on  the  tracts  could 
adversely  affect  the  hunting  opportunities  in  the  immediate  area.   For 
example,  studies  have  measured  the  satisfaction  derived  by  deer  hunters  and 
found  that  the  three  strongest  enhancing  factors  were,  in  order:   naturalness, 
solitude  and  marksmanship.   Oil  shale  development  would  conflict  with  the 
first  two  factors  significantly. 

The  direct  impacts  to  outdoor  recreation  use  (hunting)  would  be  most  severe  if 
the  Combined  Alternative  is  implemented;  next  most  severe  if  C-18  is  chosen, 
due  to  its  estimated  slightly  larger  degree  of  hunting  use;  and  thirdly,  the 
effects  of  developing  C-ll.   The  effects  on  recreation  would  be  the  least  from 
choosing  the  No  Action  Alternative. 

The  mining  methods  would  all  have  a  similar  adverse  effect  on  recreation. 
Even  though  one  may  disturb  more  acreage  than  another,  the  overall  presence  of 
any  of  these  operations  would  discourage  hunting  use  near  them. 

The  indirect  effects  of  leasing  one  or  botli  of  these  tracts  on  the  hunting 
use,  involves  the  expected  increase  in  local  human  populations,  especially  the 
influx  of  a  large  blue  collar  population.   Surveys  of  construction  and 
permanent  oil  workers  indicated  their  most  popular  recreational  activities  are 
fishing,  hunting  and  camping,  with  lower  priority  given  to  indoor  activities 
and  spectator  sports. 
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Any  human  population  increase  is  accompanied  by  additional  hunting  pressure. 
The  decided  preference  of  energy-related  blue  collar  workers  for  this  form  of 
recreation  causes  an  additional  increase  beyond  what  would  normally  be 
expected  for  that  increase  in  population.   In  the  Gillette,  Wyoming  coal 
mining  area,  for  example,  the  mean  number  of  recreation  days  per  day  of 
hunting  season  increased  over  240  percent  from  1971  to  1977  for  antelope 
hunting  and  by  143  percent-  for  mule  deer  hunting.   During  this  same  period, 
the  human  population  increased  by  only  112  percent  for  Gillette  County 
(Wyoming  Big  Game  Harvest,  Wyoming  Game  and  Fish  Department  1979). 

If  a  similar  situation  occured  in  this  region,  the  hunter  success  ratio  could 
adversely  change,  thus  affecting  the  hunting  quality.   At  that  time,  the 
Colorado  Division  of  Wildlife  would  probably  implement  a  permit  system.   While 
this  action  would  restore  the  quality  of  the  hunting  opportunities  by  limiting 
the  number  of  hunters,  it  consequently  limits  the  number  of  recreational 
opportunities  as  d  mai  !  escal  a  tes  » 

It  is  impossible  to  predict  the  degree  of  impacts  with  any  accuracy  because 
the  Division  of  Wildlife  has  no  thresholds  established  for  either 
hunter-density  or  hunter-success,  and  because  percentage  of  new  hunters  to  new 
employees  is  unpredictable.   In  addition,  the  Division  of  Wildlife  does  not 
know  where,  within  the  State,  hunters  that  utilize  Unit  22  come  from. 

The  indirect  impacts  of  population  growth  on  outdoor  recreation  opportunities 
would  be  more  severe  the  larger  the  operation(s)  due  to  employment  increases. 
For  example,  the  most  impacts  would  obviously  come  from  the  Combined 


o7 


Alternative,  as  this  would  create  the  most  employment.   The  least  impacts 
would  result  from  the  No  Action  Alternative,  as  the  population  would  increase 
only  38  percent,  versus  the  59  percent  increase  with  both  tracts,  due  to  other 
growth  in  the  region.   Population  effects  on  recreation  would  be  identical 
from  either  the  C-18  or  C-l 1  alternatives.   The  effects  of  employment  on 
outdoor  recreation  would  also  be  maximized  during  the  peak  construction  year 
of  1988. 

Overall,  the  most  significant  impact  to  recreation  resulting  from  the 
development  alternatives  would  be  the  possible  blockage  of  hunter  access  on 
the  Yellow  C:  sel  Jeep  Trail  (County  Road  83).   The  othei  impacts  listed  above 
are  estimated  to  be  insignificant,  in  and  of  themselves,  but  add  to  the 
cumulative  impacts  of  other  developments  in  the  area  which  increasingly 
diminish  both  the  quality  and  quantity  of  recreation  opportunities  in  this 
region  over  time. 
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Boom  Town  Social  Patterns  And  Processes,  And  Their  Interaction  With  Energy 
Employment  Sequences 

The  social  impacts  of  energy  development  on  communities  are  similar  because 
the  employment  patterns  underlying  them  are  similar.   The  severity  of  impacts 
and  the  signficance  of  the  various  components  impacted  for  a  given  community 
will  vary  depending  upon  three  sets  of  factors  having  to  do  with 
characteristics  of  the  present  and  incoming  populations,  growth  rate,  and  the 
size  and  history  of  the  impacted  communities.   Communities  also  differ  in 
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their  readiness  to  absorb  new  population  in  terns  of  economic  bases,  excess 
capacities  of  physical  facilities,  and  in-place  social  services  delivery 
systems.   As  described  in  Chapter  III,  not  enough  data  exist  to  quantify 
these,  nor  is  it  the  function  of  this  document  to  detail  the  constantly 
changing  social  facilities  situation  in  each  case.   Communities  and  counties 
have  other  better  sources  for  keeping  current  their  own  information  for 
planning  purposes.   We  would  more  usefully  provide  better  demographic  data  on 
the  predicted  incoming  work  forces,  but  unfortunately  these  are  not  available. 
Therefore  our  best  contribution  is  the  most  accurate  population  growth 
estimates  we  can  provide,  with  explanations  of  boom  processes  and  patterns 
that  can  be  used  as  guides  by  individual  communities  in  planning  for  growth. 

In  this  subsection  v/e  shall  discuss  first,  the  general  form  of  employment 
sequences  in  energy  projects  as  workers  enter  and  affect  a  community  (Figure 
IV-L2).   These  will  vary  somewhat,  of  course,  with  different  types  of  projects 
(oil  shale,  coal,  etc.)*   Second,  we  shall  discuss  a  general  model  of  social 
Lc.pa  ts  —  the  principal  social-  :.  u   ural  ■:  •         nts,  social  groups,  social  a  .1 
physical  conditions,  and  attitudes  and  values  that  would  be  affected,  etc. 
The  model  is  given  in  Table  IV-18. 

In  the  two  subsections  following  (describing  the  actual  alternatives  and  their 
impacts)  the  term  "social  impacts"  will  be  assumed  to  mean  the  entire  set  of 
patterns  and  processes  described  in  the  Table  IV-18  model.   The  estimated 
population  growth  curves  for  the  various  communities,  and  the  severity  of 
Impacts  predicted  (Tables  IV-19  and  IV-20)  are  based  upon  a  population 
distribution  model  (described  in  the  section  on  Economics)  which  approximates 


|M 


1935 


96 »~2000 


Figure  IV-12     Population  Impacts  From  Oil  Shale  Development  by  Years 
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TABLE    IV- 18 
SOCIAL    IMPACTS:    PORTRAIT    OF   A   BOOMTOWN* 


I* 


A.  Social  Structure 


Formal iziat ion 


Defined  *** 
Power/       Personnel/Facilities    as  Social 
Influence    Short  term Long  term  Problem 


Political 

Economic 

^Educational 
Control/Safety 
Religious 
Recreational 
Health-Physical 
Health-Mental 
^Social  Services 


Occurs  ** 

Longtiraers  - 

Newcomers   + 

Occurs 

Longtimers  - 

Newcomers  + 

Occurs 

N/A 

Occurs 

+ 

Occurs 

- 

Occurs 

N/A 

Occurs 

+ 

Occurs 

+ 

Occurs 

-1- 

+ 


+ 
+ 

+ 
+ 
+ 

+ 
+ 


Yes 

Yes 
Yes 
Yes 

Yes 


B.  Social 

Groups 

lElderly 

Youth 

Women 

Short  term 
Long  term 

Men 
♦Ranchers 


Well  Being 


Interaction 


Economic 


Defined 
as  Social 


Power   Physical   Economic   Psychological   Opportunities   Opportunities   Problem 

Yes 
Yes 

Yes 


N/A 


+ 
+ 


+ 
+ 

+ 

+ 
+ 
0 


+ 
+ 

+ 
+ 

+ 
+ 


+ 

+ 


+ 

+ 


+ 
+ 


+ 


N/A 
+ 

+  - 
+ 
+ 
+  - 


De  fined 

c. 

Social /Physical 

as  Social 

Conditions 

Short  Term 

Long  Term 

Problem 

^Housing 
.  /     i/Dirt 
Traffic 
Unemployment 
Living  Costs 
Quality  of  Life 


+  (would  decrease) 
+  - 
-I-  -  0 


0 

(short'  term)  Yen 

..'-.  -. 

fas 

- 

Yes 

+  - 

+  - 

(  s  ho  r  t  term)  Ye  s 

+  -  0 

®J      Attitudes/Val ues 
Energy 
BLM 

Local  Traditions 
♦"World  View" 
Liberalism 
Community  Changes 


Short  term 


+  - 

+ 

+ 


Long  term 


+  0 
+  - 

+ 

+ 
+  - 


*    This  table  is  an  attempt  to  summarize  existing  literature  on  what  happens  to  a  town  in  an 

energy  boom 
k**   See  text  for  explanation 
***  A  social  situation  only  becomes  a  "social  problem"  when  persons  identify  it  as  such. 

There  is  public  reco     m  of  a  need  for  solutions  to  these  problems  but  not  necessarily 

agreement  on  what  solutions  should  be. 

+    Positive  Impact    -   Negative  Impact     0   No  Change  N/A   Not  Applicable 

»+  -   Positive  for  some  persons/groups,  or  under  some  conditions;  negative  for  other 
persons/gr.oups ,  or  under  some  other  condition 


TABLE  IV-19 
PERCENT  POPULATION  IMPACT  ABOVE  BASELINE  GROWTH  AT  PEAK  YEAR  EMPLOYMENT  (1988) 
AND  AT  NULL  OPERATION  (1993):  ALL  ALTERNATIVES  BY  COMMUNITY 
(Based  on  Appendix  Tables  B-l  Through  B-5) 


Percent  Impacts  Above  Baseline  Growth 


No  Action 

C~18 

C-ll 

C-18 

C-ll 

Both  Tracts 

Both 

Tracts 

High  &  Low 

Low 

Low 

High 

High 

Low 

High 

1.7* 

1.7+** 

2.2 

2.2+ 

3.5 

4.5 

1.2 

1.2+ 

1.5 

1.5+ 

2.4 

2.9 

,  ,, , 

27.9 

27.9+ 

36.5 

36.5+ 

55.8 

73.0 

19.8 

19.8+ 

19.8 

19.8+ 

.   39.6 

39.7 

Mesa 

— 

.7 

.7+ 

.7 

.7+ 

1.3 

1.3 

— - 

.4 

.  4+ 

.4 

.4+ 

.9 

.7 

:lg  L< 

— 

2.1 

2.1+ 

2.8 

2.8 

4.2 

5.6 

—  — 

1.3 

1.3+ 

1.6 

1.6+ 

2.6 

3.2 

._ 

9.2 

9.2+ 

10.2 

10.2+ 

18.4 

20.5 

6.0 

6.0+ 

6.0 

6.0+ 

12.0 

12.0 

._ 

30.2 

30.2+ 

37.2 

37.2+ 

60.4 

74.4 

19.8 

19^8+ 

21.5 

21.5+ 

39.6 

42.9 

_  — 

.1 

.1+ 

.1 

.  1+ 

.3 

.2 

.5 

.5+ 

.6 

.6+ 

1.0 

1.2 

Silt/Newcastle 
Peak  Impact  1988 
Full  Operation  1993 

Rifle 

Peak  Impact  1988 
Full  Operation  1993 

Parachute/Battlement  Mesa 
Peak  Impact  1988 
Full  Operation  1993 


Glenwood  SpgSc/Carbonda  L< 
Peak  Impact  1988 
Full  Operation  1993 

Rangely 

Peak  Impact  1988 
Full  Operation  1993 

Meeker 

Peak  Impact  1988 
Full  Operation  1993 

Grand  Junction 
Peak  Impact  1988 
Full  Operation  1993 

*   All  percentages  were  computed  by  dividing  estimated  baseline  for  the  year  into  total 

population  impact.   The  full  operation  percent  is  assumed  to  be  continued  as  a  permanent 
population  increase  for  the  duration  of  operations  (to  2013).   Baseline  numbers  include 
the  Colony  Project  projections  made  before  the  shutdown  of  that  operation. 

**   The  Multi  Minerals  Corporation  Project  is  expected  to  proceed  on  schedule  unless  the 
tract  is  leased,  in  which  case  the  project  would  be  absorbed  into  the  C-18  development. 
Thus,  if  only  C-ll  is  leased,  the  Multi  Minerals  Project  v/ould  represent  an  additional 
impact  in  population.   Where  this  is  likely,  percentages  have  a  "+"  mark  shown. 
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TABLE  IV-20 

SEVERITY  OF  IMPACTS  AT  PEAK  EMPLOYMENT  (1983)  AND 

AT  FULL  PRODUCTION  (1993)  ALL  COMMUNITIES,  ALL  ALTERNATIVES 


Significance  of  Impact 


Peak  Employment  (1988) 

0-3% 

3-6% 

6-12% 
12-30% 
30%  + 


Full    Production   (1993) 
0-2% 
2-5% 
5-10% 
10-20% 
20%  + 


Level    of    Severity    of    Impact 
Insignificant 
Low   Severity 
Moderately   severe 
Severe 
Very   Severe 


Degree   of   Severity   of    Impacts   by   Community   1/ 
Insignificant  Low Moderate        Severe 


Very   Severe 


C-18   Only -Low 


Silt/New   Castle 
Parachute/B.M. 
Glenwood/Carb. 
Grand   Junction 


None 


Rangely 


Rifle 
Meeker 


None 


C-ll    Only-Low 


Silt/New   Castle 
Parachute/B.M. 
Glenwood/Carb. 
Grand   Junction 


None 


Rangely 


Rifle 
Meeker 


None 


C-18   Only-High 


Silt/New  Castle 
Parachute/B .M. 
Gl  e  n wo  o  d  /  Ca  r b  . 
G  ■  ■  ■•{    Juncfc  Ion 


None 


Rangely 


None 


Rifle 
Meeker 


C-ll   Only-High 


Silt /New   Castle 
Parachute/B.M. 
Glenwood/Carb. 
Grand   Junction 


None 


Rangely 


No  ne 


Rifle 

Meeker 


Both   Tracts-Low 


Both  Tract-High 


Parachute/B.M. 
Grand    Junction 

Parachute/B.M. 
Crand    Junction 


Silt/New  Castle      None 
Glenwood/Carb . 

Silt/New   Castle      None 
Glenwood/Carb. 


Rangely 

Rifle 

Me eke  c 

Rangely 

Rifle 

Meeker 

1/      B.M  =   Battlement   Mesa,    Carb.    =   Carbondale. 
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the  model  given  in  Figure  IV-12.   Figures  IV- 13  to  IV-15  demonstrate  the 
similarity  to  the  model  for  Meeker  and  Rifle. 

The  employment  pattern  of  energy  projects  consists  of  a  three-pronged  segment 
as  shown  in  Figure  IV-12.   Construction  workers  enter  in  large  numbers  over  a 
short  period  of  time,  followed  later  by  operations  workers  (miners,  etc.). 
Population  increases  due  to  these  draw  a  third  group,  secondary  (non-basic) 
workers  such  as  salespeople,  waitresses,  equipment  dealers,  social  workers, 
etc  . 

Coe  tructioi     d  "    i     .   cial  j   *  blue  coll  ar  skill;  (    ,  inters , 
electricians,  pipefitters,  plumbers)  temporarily,  and  as  the  various  phases 
start  and  finish  their  transiency  causes  fluctuations  in  the  population  curve 
(wavy  line  in  Figure  IV-12),  and  an  accompanying  social  disruption  in  the 
community.   Many  changes  come  to  be  defined  as  problems  by  the  community  (last 
column,  Table  IV-18)  because  in  this  stage  the  community  (especially  if  small, 
stable  and  isolated)  may  be  unprepared  structurally  and  psychologically,  and 
facilities  and  services  have  not  been  expanded,  to  meet  the  demands  of 
increasing  population. 

Some  social  problems  are  created  because  longtime  residents  tend  to  develop 
negative  stereotypes  of  particularly  the  construction  workers.   These  local 
perceptions  and  the  behavior  they  produce  are  usually  more  negative  than  real 
differences  would  imply.   The  best  evidence  (see  Green  River/Hams  Fork  Final 
EIS,  p.  108)  indicates  in  fact  that  'most  incoming  workers  are  from  within  the 
region  itself  (so  are  not  very  different).   Most  construction  workers, 
especially  if  married,  apparently  remain  as  long  as  work  is  available,  going 
from  job  to  job  within  the  area,  sometimes  commuting  some  distance  in  order  to 
keep  their  families  in  one  spot. 
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Figure  IV-13     Population  Impact;  by  Years,  Low  Production  for  Rifle,  Colorado  -  One 


IS" 


1800 


1600 


1400 


1200 


1000 


800 


600 


100 


200 


1985      86      .87       88       89       90       91       92       93       94       95       96 ^2000 


Figure  IV-14     Population  Impacts  by  Years,  Low  Production  for  Meeker,  Colorado  -  One  Tract 
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Figure  IV-15    Population  Impacts  of  Oil  Shale  Development  in  Baseline  Growth  1980  to  1993  for 
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SomG  differences,  however,  are  socially  important:  construction  workers  do 
tend  to  be  younger,  more  often  transient  and  single,  or  married  but  alone, 
with  families  elsewhere  and  come  to  the  scene  before  a  commmunity  is  able  or 
willing  to  receive  them.   They  will  place  somewhat  different  demands  upon  the 
community  than  will  more  settled  older  workers  because  they  have  fewer  ties 
and  lens  commitment  to  it.   They  are  often  lonely,  with  no  social  bonds,  and 
will  be  more  apt  to  frequent  the  bars  in  spare  time  to  find  companionship. 
Some  communities  will  respond  by  trying   to  close  ranks  to  exclude  them  in 
much  the  same  way  and  for  much  the  same  reasons  communities  near  military 
I     ma;   Lo         .,   ;:    e  large  ii  ":-    if  in  iyra    .  temporary  young 
recruits.   Construction  workers  have  little  real  threat  or  even  effect  upon 
most  community  social  structures,  but  are  likely  to  be  perceived  as  threats  to 
the  safety  and  stability  of  the   community  because  of  the  negative  stereotypes 
noted . 

Most  operations  workers  are  also  blue  collar  but  their  social  impacts  are 
different.   High  wages,  permanency,  and  the  presence  of  families  provide  them 
with  more  ways  of  becoming  a  part  of  the  community.   They  arrive  after  the 
community  has  made  some  social  and  economic  adjustments  and  are  less 
conspicuous  and  therefore  less  threatening.   They  affect  such  social 
institutions  as  schools,  churches,  civic  and  government  organizations. 
Finally,  secondary  workers  differ  little,  if  any,  from  the  existing 
population. 

The  "boom"  period  for  social  impacts  is  shown  in  Figure  IV-12  as  the  shaded 
lag  time  between  construction  and  non-basic  employment.   See  Bill's  Green 
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River/Hams   Fork   Final   FIS,    p.    220,    for   further   discussion   of    boom    impacts.      If 
operations    workers    are   much    fewer    in    number    than    the    construction    force,    the 
boom   will    close    with   some    slump    in    population    (about    1990    to    1993   as    shown    in 
Figure    IV-12)    requiring   downward    adjustments    in    services,    housing,    etc., 
followed    finally   by   a   new    stabilization   at   a    population    larger    than    the 
original    but    smaller    than    the    peak   (from    1993-2013  as    shown    in    Figure    IV-12). 

With   full    operation,    social-structural   and    social-psychological    change    will   in 
all    probability    also    slow    to    an   acceptable,    comfortable    pace   because    of    this 
population   leveling. 

Table    IV-18   is    a    general    summary   of    the    literature   on   boom    town    social    impact 
processes    as    they   affect    various    social    components.      Together    the    items    shown 
represent   a    graphic    picture    of    an   energy   boom    town.      For    instance,    the    fourth 
element    of    Part   A,    Social,    Control    and    Safety,    shows    that    the    structure    of    law 
enforcement,    which   is    responsible    for    these,    will    undergo    formalization 

ter   equip  tent,    more    formal    pro       I  ■    es,    more    professionally    trained 
personnel    will    replace    less    "scientific"    equipment,    informal    procedures,    less 
well    trained    personnel);    that    the    influence    of    the    police,    sheriff,    etc, 
departments    in    the   community    will    increase;    that   at    first    need   will    outstrip 
supply    of    personnel    and    equipment    (short-term    negative)    but    that    in    the    long 
run   law   enforcement    services    will    have    improved    through    these    changes 
(long-term    positive). 

The    reader    is   urged    to    consider    each   element    line    of    the   model    summarized    by 
Table    IV-18    for    its    implications,    in   order    to    track    the    boom   change    processes. 
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Thus,  Table  IV--18  describes  the  dynamics  of  social  impacts  contributing  to 
what  is  labeled  a  "boom,"  and  Figure  IV-12  diagrams  the  dynamics  of  population 
growth  underlying  these  impacts. 

Because  (with  the  exceptions  noted  below)  these  patterns  are  similar  for  each 
community  and  for  each  alternative,  and  the  time  sequences  are  assumed  to  be 
the  same,  we  can  now  describe  two  cases  in  some  detail  and  compare  other 
communities  and  other  alternatives  with  them.   The . seven  communities  are  all 
undergoing  boom  development  already,  as  discussed  in  Chapter  III. 

The  Alternatives  and  Impact  Processes 

For  the  No  Action  Alternative,  no  social  impacts  would  occur  beyond  those 

caused  by  the  expected  baseline  growth  as  discussed  below. 

The  two  communities  drawing  the  largest  proportions  of  new  residents  from  any 
of  the  alternatives  would  be  Meeker  and  Rifle.   Figures  IV-13  and  IV-14  show 
the  estimated  population  impacts  on  these  for  the  C-18  Alternative  at  a  25,000 
bbl/day  production  rate. 

These  graphs  demonstrate  that  the  figures  generated  by  the  theoretical 
population  model  used  for  this  EIS  closely  resemble  the  patterns  indicated  in 
Figure  IV-12. 

In  Figure  IV-15,  the  "total"  lines  from  Figure  IV-13  and  IV-14  are  shown  as 
increments  above  the  baseline  growth.   Baselines  are  drawn  as  curves  plotted 
at  three  points:  1980  (US  Census),  1988  and  1993  (  BLM  projections), 
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representing  growth  expected  from  all  other  sources.   For  instance,  without 
leasing,  in  1988  Rifle  would  have  about  11,300  people;  with  C-L8  (low 
production  rate),  this  would  rise  to  about  14,500.   If  both  tracts  were  leased 
at  low  level  production  (not  shown;  see  Table  B-3  in  Appendix  B),  the  figure 
would  increase  to  about  17,600.   The  leasing  impacts  would  obviously  be  upon 
an  already  rapid  baseline  growth  rate.   In  the  case  of  Rifle,  the  boom  process 
would  be  far  along  in  that  the  characteristics  of  the  small  ranching  town 
would  already  have  disappeared  —  services  and  facilities  expansion  would  have 
occurred,  social  structures  would  be  largely  formalized,  power  shifts  would  be 
taking  place,  etc.   The  new  "boom"  thus  would  be  on  top  of  an  on-going  rapid 
growth  situation,  and  would  tend  to  prolong  a  boom  in  progress  rather  than 
create  a  new  boom. 

Meeker's  case  would  be  similar  except  that  having  started  on  a  smaller 
population  base,  the  impacts  of  the  "boom"  would  imply  a  more  drastic  earlier 
stage  than  would  the  Rifle  case. 

The  theoretical  population  distribution  model  did  not  place  secondary 
population  in  Silt  or  Parachute,  nor  construction  and  operations  personnel  in 
Glenwood  Springs  or  Grand  Junction.   With  these  exceptions,  Figures  IV-13  and 
IV-14  typify  the  patterns  ot  population  impacts  in  the  seven  affected 
communities.   In  all  cases  Figure  IV-15  is  illustrative. 

Thus,  in  Figure  IV-15  and  Table  IV-18,  we  can  see  the  shape  of  population 
impact  curves,  and  the  forms  and  processes  of  changes  occurring  among  the 
various  social  components  of  communities. 
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Quality  of  Life 

We  now  estimate  the  seriousness  of  these  impacts  across  the  alternatives  and 
communities  (Table  IV-19).   Detailed  calculations  underlying  this  summary  (and 
the  Figures  already  discussed)  are  in  Appendix  B,  Tables  B-l  through  B-5. 

Short-term  impacts  are  given  in  Table  IV-19  as  the  percentage  the  peak  number 
is  of  the  baseline  population  for  1988.   Longer  term  impacts  are  given  as  the 
percent  the  full  operations  and  non-basic  increase  are  of  the  baseline 
population  for  1993.   For  example,  the  Silt/Newcastle  baseline  population  for 
1988  is  5,100  persons;  the  C-18  low  production  alternative  would  add  an 
estj   :  1  "  persor  i    1988,  a  i     n ;~  increase  of  1.7.   In  1993,  the 
baseline  is  4,900,  with  an  estimated  59  persons  added  by  full  operation  of 
C-18,  or  1.2  percent. 

The  relationship  between  the  1988  short-term  and  1993  long-term  numbers  is 
fixed  by  the  population  distribution  model,  so  the  severity  of  impacts  is  the 
same  for  any  community  for  both  times,  though  the  meaning  of  the  impact  would 
be  different,  as  discussed  below.   Table  IV-20  summarizes  the  estimated 
severity  of  impacts  for  each  community  under  each  alternative  over  the  life  of 
the  operations. 

In  the  short-term  (1988  peak),  Rifle  and  Meeker  would  experience  severe 
quality  of  life  deterioration  under  the  mildest  alternative  (C-18  low 
production),  and  very  severe  deterioration  for  the  single-tract  high 
production  and  the  Combined  Alternat-ives .   Rangely  would  suffer  moderate 
impacts  for  all  single  tract  alternatives,  and  would  be  severely  affected  by 
the  Combined  Alternatives.   Quality  of  life  for  Silt  and  Glenwood  would  be 
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only  mildly  affected  for  the  Combined  Alternative  and  would  be  insignificant 
for  all  single  tract  alternatives.   Grand  Junction  and  Parachute  would 
experience  no  significant  social  impacts  from  any  alternative. 

At  full  production  level,  the  negative  quality  of  life  impacts  generally 
called  "boom  conditions"  would  have  largely  occurred  and  then  declined  with 
the  expected  slump,  but  there  would  be  long-term  (often  permanent)  residues 
that  are  socially  significant.   The  population  increase  due  to  operations 
would  stabilize  for  the  life  of  the  operation  (2013).   The  expanded 
facilities,  more  and  better  social  services  delivery  systems,  more  formal 
political  processes  with  a  more  diverse  power  structure,  more  adequate 
shopping  and  entertainment  choices,  and  other  features  of  urbanization  would 
generally  remain  even  after  2013.   The  small  town  atmosphere  and  ethos  with 
their  associated  psychological  comforts  for  oldtimer  citizens  would  be  lost 
permanently  (see  Green  River-Hams  Fork  Final  EIS,  Section  3  for  detailed 
discussion  of  these). 

The  community  as  a  whole  v/ould  readjust  to  its  new  size,  form  and  structure, 
and  most  newcomers  and  most  oldtimers  also  would  come  gradually  to  feel 
psychological  comfort  in  the  new  social  context.   But  some  permanent  negative 
effects  would  have  occurred.   In  spite  of  inflation  of  official  figures  due  to 
better  reporting  and  by  more  and  better  services  delivery,  there  would  still 
remain  a  higher  proportion  of  lives  hurt  by  marital   disturbances  or  divorce, 
mental  stresses,  alcoholism,  crime;  some  of  the  elderly  and  the  young  would 
suffer  from  loss  of  social  support  systems;  some  ranchers  and  other  oldtimers 
would  have  lost  social  status  or  financial  security  due  to  the  power  and 
economic  shifts;  and  so  on.   Thus  for  some  individuals,  loss  of  life  quality 
would  be  irretrievable  and  irreversible. 
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There  are,  however,  winners:  social  gains  lor  many,  through  better  jobs  and 
fuller  lives,  expansion  of  social  choices,  a  widening  of  social  horizons  and 
opportunities  for  financial  gain.   These  changes  also  tend  to  persist.   Both 
the  positives  and  the  negatives  are  unavoidable. 

Thus,  while  the  quality  of  life  for  communities  and  for  persons  would 
fluctuate  due  to  rapidity  and  degree  of  growth,  social  component,  stage  of 
process,  and  position  in  social  structure,  it  is  likely  that  over  the 
long-term,  social  benefits  would  outweigh  social  losses  for  both. 

ECONOMICS 

Leasing  of  either  or  both  of  the  tracts  would  cause  significant  economic 
consequences  in  the  region.   The  consequences  would  center  in  Garfield  and  Rio 
Blanco  Counties,  and  are  expected  to  most  heavily  affect  the  communities  of 
Rifle  and  Meeker. 

They  would  include  front  end  capital  spending  requirements  for  new  housing  and 
community  facilities,  loss  of  agricultural  land  to  residential  and  commercial 
uses,  competition  for  labor  disadvantageous  to  local  agriculture  and  business, 
and  continued  or  worsened  local  inflation  in  housing  costs. 

Employment  and  Income 

A  potentially  serious  effect  of  the  .proposed  action,  when  combined  with  other 
baseline  developments,  would  be  creation  of  a  heavy  economic  dependence  on  a 
single  industry  —  energy  minerals.   This  dependence  would  carry  the  risk  of 
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large  and  sudden  fluctuation  in  employment,  income,  and  population  caused  by 
changes  in  the  minerals  market  or  the  decisions  of  mining  companies 
headquartered  elsewhere.   Maintenance  of  a  viable  economic  base  uder  these 
circumstances  would  be  by  no  means  assured,  especially  in  the  long-term. 
Although  reasonable  baseline  projections  cannot  be  made  that  far  in  the 
future,  it  is  highly  unlikely  that  the  eventual  termination  of  an  energy 
minerals  sector  of  this  magnitude  could  be  replaced  by  equivalent  growth  in 
other  basic  economic  activities. 

Table  IV-21  shows  expected  employment  and  income  impacts  that  would  result 
from  each  alternative. 

At  the  peak  of  project  construction,  anticipated  to  occur  in  1988,  Garfield 
County  would  experience  an  additional  employment  growth  ranging  from  eight 
percent  from  the  development  of  Tract  C-18  in  the  low  scenario  to  22  percent 
if  both  tracts  were  developed  and  the  high  scenario  conditions  occurred.   Rio 
Blanco  County's  smaller  employment  base  would  be  increased  at  rates  between 
nine  percent  and  37  percent  under  the  same  sets  of  conditions.   Mesa  County  is 
expected  to  incur  less  of  an  impact,  wi th  growth  rates  ranging  between  zero 
and  one  percent,  although  a  number  of  industries  supplying  the  oil  shale 
projects  would  expand.   A  total  of  anywhere  from  2,400  to  8,000  new  jobs  would 
be  created  in  the  region.   Construction  and  secondary  industries  would  account 
for  practically  all  of  the  new  jobs  during  that  period,  since  the  operations 
(mining)  phase  of  the  projects  would  be  just  starting. 

By  1993,  with  construction  work  virtually  completed  and  the  project(s) 
operating  at  a  full  production  leve.l ,  employment  requirements  would  decline  by 
about  one-half.   Impacts  under  the  above-mentioned  conditions  would  drop  to  a 
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range  of  four  percent  to  1 1  percent  in  Garfield  County  and  three  percent  to  19 
percent  in  Rio  Blanco  County.   Impacts  to  Mesa  County  would  remain  relatively 
low.   Total  jobs  created  would  vary  from  1,300  to  4,700,  with  slightly  more  in 
the  secondary  industries  than  in  mining. 

Impacts  on  wage  and  salary  incomes  would  parallel  those  of  employment,  but 
would  average  a  couple  of  percentage  points  higher  because  of  the 
above-average  wage  rates  paid  in  the  construction  and  mining  fields.   Growth 
rates  would  vary  from  11  percent  in  Garfield  County  and  12  percent  in  Rio 
Blanco  County  for  the  leasing  of  Tract  C--18  under  low  scenario  conditions  to 
27  percent  and  44  percent  in  those  two  counties,  respectively,  if  both  tracts 
were  leased  under  high  scenario  conditions. 

Requirements  for  construction  workers  would  far  exceed  the  capacity  of  the 
local  labor  force.   However,  other  major  construction  projects  are  expected  to 
increase  the  construction  work  force  considerably  above  present  levels.   It  is 
estimated  that  about  50  percent  of  the  construction  jot  ;  would  be  filled  by 
in-migrants  under  the  low  scenario  and  from  60  to  70  percent  under  high 
scenario  conditions.   Continued  growth  that  is  forecast  in  Mesa  County  under 
high  scenario  assumptions  would  produce  a  tight  enough  labor  market  that  most 
new  jobs  would  be  filled  by  newcomers.   Not  all  of  the  in-migrants  would 
become  permanent  residents  since  many  of  the  construction  workers  would  seek 
jobs  elsewhere  after  completion  of  the  projects. 

The  end  of  construction  by  1993  would  leave  a  temporary  surplus  of  labor,  and 
no  net  in-migration  would  be  needed  to  fill  the  operations  jobs.   However, 
considerable  change  in  types  of  workers  would  doubtless  occur,  with 
construction  workers  leaving  and  miners  coming  in* 
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Population 

Population  impacts  to  communities  depend  on  where  workers  choose  to  live. 
This  analysis  assumes  that  most  workers  will  locate  in  Rifle  and  Meeker. 
Table  B-l  in  Appendix  B  shows  the  expected  population  impacts. 

Impacts  to  those  two  communities  would  be  significant  under  all  alternatives 
in  both  scenarios  and  would  be  extreme  if  both  tracts  were  leased.   In  the  low 
scenario,  Rifle  would  grow  19  percent  by  1988  if  Tract  C-18  only  were  leased 
(the  minimum  impact)  and  45  percent  if  both  tracts  were  leased.   In  the  high 
sc  enar Jo >  corresponds   Lmpa  ■'■<■   i   !   be  2£  percent  and  63  percent.   Meeker 
would  experience  population  increases  ranging  from  12  percent  to  25  percent 
under  the  same  alternatives  in  the  low  scenario  and  from  21  percent  to  56 
percent  in  the  high  scenario.   The  only  other  community  reaching  double  digit 
impact  percents  would  be  Rangely,  which  would  expand  from  12  to  16  percent  by 
1988  if  both  tracts  were  leased.   Again,  impacts  would  lower  by  1993  in  all 
communities  with  the  end  of  construction.   Nevertheless,  they  would  still  be 
significant  in  those  three  communities,  reaching  as  high  as  35  percent  in 
Rifle  in  the  high  scenario  with  both  tracts  leased  (specific  impact  percents 
for  all  communities  are  shown  in  Tables  IV-25b  through  IV-25d) . 

Housing 

Additional  housing  requirements  would  be  high  in  several  communities  during 
the  construction  period;  however,  some  of  these  requirements  would  be 
temporary.   Because  those  temporary  "demands  may  be  handled  by  mobile  home 
parks  and  man  camps,  a  better  measure  of  new  housing  needs  is  that  of  the 
operation  work  force.   Therefore,  Table  IV-22  shows  new  housing  requirements 
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in  both  1988  and  1993,  even  though  those  in  1993  are  generally  lower.   It 
should  be  emphasized  that  the  table  shows  new  housing  requirements:  total 
required  housing  net  of  the  1980  housing  supply  as  given  by  the  census.   The 
1993  figures  show  nsv  housing  required  by  growth  from  1980,  not  from  1S88. 

Proportionate  impacts  appear  higher  than  those  for  population  because  of  the 
deduction  of  current  housing  vacancies  from  the  No  Action  Alternative  figures. 
The  analysis  basically  shows  that  the  same  communities  —  Rifle,  Meeker  and 
Rangely  —  would  be  most  heavily  impacted,  especially  if  both  tracts  were 
leased . 

Impacts  to  Oilier  Resource:; 

Agriculture 

No  on-tract  impacts  would  occur  to  croplands.   Between  125  and  465  animal  unit: 

months  (AUMs)  of  grazing  would  be  lost  if  the  tracts  were  leased,  depending  on 

the  alternative  and  method  of  mining  (see  Chapter  IV,  Grazing).   The  resulting 

annual  losses  to  ranchers  and  local  businesses  and  taxes  would  range  from 

$9,000  to  $32,000,  as  shown  in  Table  IV-23. 

Secondary  impacts,  resulting  from  population  growth,  would  involve  conversion 
of  agricultural  land  to  residential  and  commercial  uses.   Because  it  is 
impossible  to  anticipate  how  much  of  the  converted  land  would  be  cropland  and 
how  much  rangeland,  a  worst  case  situation  is  assumed  that  all  would  be 
cropland.   Losses  of  cropland  under  the  different  alternatives  would  vary  from 
910  to  2,290  acres,  in  addition  to  tbe  6,770  to  10,160  acres  that  will  be 
converted  without  the  proposed  action  (see  Chapter  IV,  Agricultural  Lands). 
Using  an  average  value  per  acre  for  crops  grown  in  these  counties  gives  the 
estimated  impacts  on  crop  sales  shown  in  Table  IV-23. 

ISO 


TABLE    IV-23 

IMPACTS    ON   AGRICULTURE 
(THOUSAND   DOLLARS) 


Lease  Lease  Lease 

No   Action        C-ll   Only  C-18   Only        Both  Tracts 


Impacts    on   grazing 
Low    irnpitcts 
Ranchers 
Local   Business   &   Taxes 


$4 
5 


$4 
5 


$8 
10 


High  Impacts 
Ranchers 
Local  Business  &  Taxes 


14 
18 


Impacts    on    crop    sales 

Low   scenarios 

Garfield   County 

$2  08 

$239 

$239 

$269 

Mesa   County 

603 

670 

670 

759 

Rio   Blanco   County 

33 

46 

46 

62 

High   scenarios 

Garfield    County 

306 

343 

343 

386 

Mesa   County 

893 

1,005 

1,005 

1,094 

Rio    Blanco   County 

53 

72 

72 

89 

Note:   Low  and  high  impacts  result  from  different  assumed  mining  techniques, 
not  low  and  high  scenarios  as  used  elsewhere  in  this  report. 


han  $ 


31 


While  the  impacts  to  grazing  would  exist  only  during  the  life  oi  the  project 
and  ensuing  reclamation  period,  those  resulting  from  conversion  of 
agricultural  land  would  represent  pei"manent  losses  to  the  local  area  and  the 
nation. 

One  other  potential  impact  cannot  be  quantified:   competition  for  labor. 
High-paying  construction  and  mining  jobs  tend  to  draw  workers  out  of  other 
industries,  including  local  trade  and  service  as  well  as  agriculture.   The 
agriculture  impact  would  be  small  in  Rio  Blanco  County,  where  little  hired 
labor  is  used,  but  would  be  more  serious  in  Garfield  and  Mesa  Counties.   The 
effect  on  other  local  business  would  be  significant  in  all  three  counties. 

Wildlife 

The  local  economic  value  of  deer  hunting  lost  (the  principal  game  animal  in 
that  area)  as  a  result  of  habitat  destruction  and  road  kills  (assuming  deer 
population  reaches  the  habitat  capacity  -  see  Chapter  IV,  Wildlife)  would  vary 
from  $9,000-$131,000.  Little,  if  any,  additional  local  economic  loss  would 
result  from  reduction  of  other  wildlife  because  the  present  animal  population 
exceeds  hunting  demand.  Nonlocal  losses  would  be  negligible  because  of  the 
numerous  other  hunting  locations  available  in  the  region  and  the  state. 

Local  Government  Fiscal  Impacts 

Rio  Blanco  County  and  the  impacted  communities  would  benefit  from  increased 
revenues  as  a  result  of  the  proposed  action.   However,  they  and  the  other 
impacted  counties  would  also  incur  sizable  operating  and  capital  costs  in 


\%l 


order  to  meet  the  needs  of  larger  populations  and  greater  business  activity. 
From  a  capital  budgeting  standpoint,  the  costs  would  outweigh  the  benefits  for 
most  jurisdictions. 

Development  of  oil  shale  would  add  to  government  revenues  at  all  levels.   The 
operations  would  pay  royalties  to  the  federal  government,  severance  taxes  to 
the  state  government,  and  property  taxes  to  the  county  government.   Employees 
and  secondary  businesses  would  pay  property  taxes,  sales  taxes,  and  other 
charges  to  the  municipal  and  county  governments.   Portions  of  the  royalties 
and  severance  taxes  would  be  returned  to  the  county  and  municipal  governments 
where  the  operations  are  located. 

Since  the  method  for  determining  assessed  valuation  of  oil  shale  has  not  been 
determined,  it  is  impossible  to  project  the  impacts  of  the  operations  on 
property  taxes.   Also,  severance  taxes  cannot  be  projected  because  the  formula 
requires  data  on  operating  costs  to  determine  taxable  revenue.   Impacts  on 
both  of  these  would  tndoubl  idly  be  :  rge . 

The  federal  royalty  rate  is  12  cents  per  ton  of  shale,  adjusted  downward  one 
cent  for  each  gallon  of  average  oil  content  less  than  30  gallons  per  ton,  and 
adjusted  upward  by  the  ratio  of  the  current  wholesale  price  for  crude  oil  to 
that  in  March  1974.   Additional  royalties  would  be  charged  for  nahcolite  and 
dawsonite  produced,  based  on  price,  but  no  market  prices  have  yet  been 
established  for  those  minerals.   Assuming  production  levels  of  25,000-100,000 
barrels  per  clay  (depending  on  the  alternative  and  scenario),  oil  content  of  30 
gallons  per  ton,  and  using  the  1981  average  wholesale  price  for  crude  oil 
(ratio  to  the  March  1.9/4  price  is  3.934),  total  annual  royali     would   tount 
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to  between  $6,107,000  and  $24,430,000.   The  State  of  Colorado  receives  50 
percent  of  federal  royalties,  which  would  come  to  $3,053,500  to  $12,215,000 
and  50  percent  of  those  amounts  would  be  returned  to  the  county  of  origin,  up 
to  a  maximum  of  $800,000.   Thus,  Rio  Blanco  County  would  receive  $800,000  in 
federal  royalty  revenues  under  any  of  the  alternatives. 

Population  and  local  business  growth  would  add  considerably  to  local 
residential  and  commercial  property  taxes  and  sales  taxes,  as  shown  in  Table 
IV-24.   These  revenues  would  accrue  to  communities,  where  such  growth  would 
take  place,  while  the  taxes  paid  by  an  operation  would  go  to  the  county. 
Rifle  and  Hooker  would  benefit  the  raosts  with  Rangely,  the  Glenwood 
Springs-Carbondale  area,  and  Grand  Junction  also  receiving  sizable  amounts 
under  certain  circumstances. 

Estimated  capital  benefits  and  costs  are  shown  in  Tables  IV-24a  and  IV-24b. 
Definitions  of  terms  and  analytical  methods  are  given  in  notes  to  the  tables. 
Rifle  would  be  heavily  impacted  by  all  but  the  No  Action  Alternative,  and 
Meeker  by  all  alternatives.   Capital  requirements  would  exceed  bonding 
capacity  in  Rifle  by  ratios  varying  from  2.8  if  only  C-18  were  leased  under 
the  low  scenario  to  5.9  if  both  tracts  were  leased  under  the  high  scenario. 
Similar  ratios  for  Meeker  in  1988  (when  peak  population  would  occur)  range 
from  2.6  for  C-18  only,  low  scenario  to  3.1  for  C-ll  only  and  both  tracts, 
high  scenario.   Impacts  of  the  tracts  on  Grand  Junction's  capital  budget  would 
be  relatively  small,  but  the  city  would  already  be  adversely  impacted  by  those 
developments  occurring  under  the  No  Action  Alternative.   Rangely  alone  would 
be  able  to  finance  all  of  its  needs,  mainly  because  of  its  existing,  excess 
capacity.   School  districts  at  Rifle  and  in  Mesa  Valley  would. also  have 
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difficulty,  since  facilities  expansion  sufficient  to  meet  projected  needs 
might  require  more  than  their  anticipated  bonding  capacity.   The  Meeker  school 
district's  needs  would  also  approach  its  bonding  capacity,  but  Rangely's 
school  district  should  have  fewer  problems. 

This  analysis  indicates  that  Rifle,  Meeker,  and  the  Rifle  and  Mesa  Valley 
school  distracts  would  need  considerable  impact  assistance  if  the  proposed 
developments  were  to  take  place,  and  Grand  Junction  and  the  Meeker  school 
district  would  also  have  difficulty  in  meeting  their  facilities  needs. 

0 1  he r  1? c enom.i  c  T" ;  •  i  c  t  s 

Projected  new  housing  requirements  would  aggravate  the  inflation  in  local  land 
values  and  housing  costs  that  has  already  occurred  as  a  result  of  current 
developments.   In  the  worst  cases,  where  new  housing  requirements  rise  into 
the  20  plus  percent  range  (see  Tables  IV-25b  through  IV-25d),  housing  costs 
would  almost  certainly  get  a  further  upward  push.   In  other  cases,  inflation 
would  be  kept  from  declining  locally  despite  fluctuations  in  regional  and 
national  housing  markets.   Those  groups  within  the  population  having  low 
incomes  (many  trade  and  service  workers)  or  fixed  incomes  (most  retired 
people)  would  be  the  most  severely  affected  by  continued  or  worsened 
inflation.   The  only  way  these  effects  could  be  prevented  would  be  by  major 
and  early  government  efforts  to  set  aside  land  and  provide  housing  capital. 

On  the  positive  side,  growth  in  employment  and  income  would  improve  local 
business  conditions  and  increase  the  variety  of  available  shopping,  especially 
in  the  smaller  communities. 
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TABLE  IV -2 5a 
ECONOMIC  IMPACTS  BY  ALTERNAIVE 
SUMMARY  —  TOTAL  IMPACTED  AREA 


Low  Scenario  High  Scenario 

Communities  Communities 

Employment   Population    Revenue  Employment   Population    Revenue 

(Percent)    (Percent)      (000)  (Percent)    (Percent)      (000) 


Lease  C-ll 

Only 

1983 

5 

1993 

3 

Lease  C-18 

Only 

1988 

3 

1993 

2 

Lease  Both 

Tracts 

1988 

8 

1993 

5 

4        $1,384  6  5         $1,856 

3         1,052  3  4  1,354 


3  932  4  4  1,393 

2  611  2  2  892 


7         2,316  10  9  3,279 

5         1,654  6  6  2,226 
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TABLE  IV-2  5b 
ECONOMIC  IMPACTS  BY  ALTERNATIVE 
LEASE  C-ll  ONLY 


Employment 
(Percent) 


Low  Scenario 

Communities 
Population    Revenue 
(Percent)      (000) 


High  Scenario 


Employment 
(Percent) 


Population 
(Percent) 


Communities 

Revenue 

(000) 


_1988 

Garfield  County    1 0 
Glenwood  Springs 

Carbondale 
Newcastle-Silt 
Parachute-Bat  tie 

ment  Mesa 
Rifle 

Mesa  County  4 

Grand  Junction 

Rio  D lance  Con j ■     1 9 
Meeker 
Rangely 


11 


11 


2 
2 

$150 
3 

0 
26 

1 

720 

* 

•k 

30 

19 

28 

7 

380 
100 

23 


3 

$200 

2 

4 

1 

2 

35 

97  0 

* 

* 

20 

2  h 

35 

520 

10 

140 

1993 

Garfield  County     6 
Glenwood  Springs 

Carbondale 
Newcastle-Silt 
Parachute-Bat  tie 

ment  Mesa 
Rifle 

Mesa  County  * 

Grand  Junction 

Rio  Blanco  County   12 
Meeker 
Rangely 


1 

100 

2 

1 

0 

1 

20 

490 

* 

* 

110 

15 

20 

280 

8 

70 

14 


1 
2 

0 
21 


* 


16 

24 

6 


130 
3 

1 
640 


130 


350 
100 


140 


TABLE  IV-2  5c 
ECONOMIC  IMPACTS  BY  ALTERNATIVE 
LEASE  C~18  ONLY 


Low  Scenario 

Communities 
Employment   Population     Revenue 
(Percent)    (Percent)      (000) 


Employment 
(Percent) 


High  Scenario 

Communities 
Population   Revenue 
(Percent)     (000) 


1988 

Garfield  County 
Glenwood  Springs 

Carbondale 
Newcastle-Silt 
Parachute-Bat  tie 

ment  Mesa 
Rifle 

Mesa  County 
Grand  Junction 

Rio  Blanco  County 
Meeker 
Rangely 


10 


2 
2 

$120 
1 

1 
19 

560 

* 

* 

30 

8 

12 

2 

170 
50 

15 


3 
2 

$170 
2 

1 
28 

1 
810 

* 

* 

20 

14 

21 
6 

310 
80 

1993 

Garfield  Co u n t y 
Glenwood  Springs 

Carbondale 
Newcastle-Silt 
Parachute-Bat  tie 

':-t. :"   Mesa 
Rifle 


Mesa  County 
Grand  Junction 

Rio  Blanco  County 
Me  e  ke  r 
Rangely 


1 

70 

0 

0 

1 

4 

340 

* 

A 

110 

4 

4 

70 

5 

20 

1 

2 

0 
15 


6 

10 

2 


100 
1 

1 
480 


130 


140 
40 
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TABLE  IV-25d 
ECONOMIC  IMPACTS  BY'  ALTERNATIVE 
LEASE  BOTH  TRACTS 


Low  Scenario 

Communities 
Employment   Population     Revenue 
(Percent)    (Percent)     (000) 


High  Scenario 

Communities 
Employment    Population    Revenue 
(Percent)     (Percent)     (000) 


1988 

Garfield  County 
Gl e nwo od  S pr  ing s 

Carbondale 
Newcastle-Silt 
Pa  r  a  chu  t  e  -Ba  1 1  le 

ment  Mesa 
Rifle 

Mesa  County 
Gran   func 

Rio  Blanco  County 

Meeker 
•  Rangely 


28 


15 


4 
2 

$200 
4 

1 

45 

2 
1,290 

* 

'.'• 

50 

28 
40 
12 

560 
150 

22 


37 


20 

5 
4 

2 
63 


3 

1,790 


40 


38 

56 

840 

16 

230 

1993 

Garfield  County     11 
Glenwood  Springs 

Carbondale 
Newcas tie-Silt 
Parachute-Bat  tie 

ment  Mesa 
Rifle 

Mesa  County  1 

Grand  Junction 

Rio  Blanco  County    16 
Meeker 
Rangely 


10 


3 

170 

0 

2 

1 

2 

33 

830 

1 

1 

220 

19 

25 

340 

10 

90 

11 


19 


11 


3 

230 

2 

4 

1 

2 

35 

1,110 

1 

1 

260 

23 

32 

490 

10 

130 

Note:  Percent  means  percent  of  No  Action  Alternative 
*   Less  Than  one-half  percent,  or  less  than  $500 
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Summary 

Tables  IV-25a  through  IV-25d  summarize  the  economic  impacts.   Please  note  that 
percentage  impacts  in  Table  IV-25a  are  low  because  they  are  heavily  weighted 
by  Mesa  County,  the  largest  but  least  impacted  county.   Impacts  to  individual 
counties  and  communities  in  the  other  three  tables  provide  a  better  measure  of 
impact  significance. 

There  is  no  objective  standard  for  significance  of  economic  impacts.   Rather 
than  use  arbitrary  percentage  ranges  to  define  significance  levels,  this 
analysis  refers  to  impacts  as  "moderate",  "large",  etc.  on  a  judgment  basis. 
With  the  percentages  given,  readers  should  draw  their  own  independent 
conclusions . 

Parachute-Battlement  Mesa,  Rifle,  Meeker,  and  possibly  other  communities  may 
be  heavily  impacted  by  oil  shale  and  other  mineral  developments  assumed  in  the 
Mo  Action' Alternative ,  depending  on  the  course  of  events.   If  that  happens, 

lode)  '  ■■  :   Lets  from  I  '  ■  :se  ,  '  :  vi     cives   ouici  have  serious  cons  [uences 
when  community  resources  are  already  stretched  to  the  limit. 

Leasing  Tract  C-ll  alone  would  cause  sizable  economic  impacts  to  Garfield  and 
Rio  Blanco  Counties,  with  the  largest  impacts  to  Rifle  and  Meeker.   Moderate 
impacts  would  be  caused  to  Rangely.   These  communities  would  also  benefit  from 
increased  tax  revenues,  roughly  in  proportion  to  their  population  impacts. 

Leasing  Tract  C-18  alone  would  cause  a  similar  pattern  of  impacts  on  a  lesser 
scale  because  the  sodium  project  would  be   absorbed  in  any  oil  shale  operation 
on  that  tract.   Impacts  to  Rifle  and  Meeker  would  still  be  fairly  large. 
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Leasing  both  tracts  would  cause  fairly  large  impacts  to  Garfield  and  Rio 
Blanco  Counties  and  Rangely  and  major  impacts  to  Rifle  and  Meeker.   In  this 
case,  it  is  unlikely  that  the  increased  revenues  received  by  communities  would 
offset  the  capital  and  operating  costs  that  would  be  necessitated  by  such 
rapid  population  growth,  and  the  heavily  impacted  towns  would  need  large 
infusions  of  assistance. 

TRANSPORTATION  • 

U i ghways 

Assumptions : 

1.  The  majority  of  employees  would  use  busing  between  the  tract(s)  and  local 
communities.   An  average  of  20  persons  per  bus  is  estimated. 

2.  Unless  otherwise  noted,  by  1993  the  sodium  and  alumina  minerals  shown  in 
the  Chapter  II  Product  Transportation  table  for  the  direct  mining  method  would 
be  trucked  to  the  railhead  at  Rifle.   No  products  would  be.  transported  in 
1988.   Trucks  would  transport  25  tons  of  minerals,  or  approximately  7,000 
gallons  of  shale  oil  per  round  trip. 

3.  C-a  and  C-b  Tracts  would  not  truck  any  of  their  products. 

k.         The  C-a  to  Rangely  Road  would  not  be  used  for  product  transportation  due 
to  lower  construction  standards. 
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5.    1980  Colorado  State   Department  of  Highways  statistics  (1908a  and  1980b) 
and  statistics  prepared  by  the  Department  of  Highways  for  Bill  were  used  in 
conduction  with  population  and  employment  estimate  presented  in  the  economic" 
section,  to  project  impacts.   These  are  outlined  in  Tables  IV-26  through 
IV-30. 

By  1993,  State  Highway  13/789,  between  Rifle  and  Rio  Blanco,  Segment  A  (see 
Figure  111-16)  would  experience  traffic  slowdowns,  under  the  Combined 
Alternative  low  production  rate.   Some  congestion  and  occasional  decreases  in 
traffic  speed  would  result  from  either  of  the  single  tract  alternatives  high 
development  scenarios,  on  Segment  A.   Under  the  combined  alternative,  high 
production  rate  traffic  on  Segment  A  would  often  slow  to  40  mph.   Traffic  on 
the  southern  portion  of  Piceance  Creek  Road  Segment  B,  would  often  slow  to  30 
mph. 

See  Table' IV-26  for  details  on  traffic  congestion.  Large  numbers  of  trucks 

h  tlii   solid  tin   als  would  l   I  : .   prii     so  >f   he  ti  ff ic  :o    !:ion. 

The  number  of  haul  trucks  is  shown  in  Table  IV-27.  See  Table  IV-28  for 
highway  damage  costs  from  product  hauls. 

Similar  to  the  effects  on  highway  damage,  the  number  of  accidents  would  be 
highest  under  the  Combined  Alternative  high  scenario  and  lowest  under  the 
single  tract  low  scenario  alternatives.   Tables  IV-29  and  IV-3C  show  the 
number  of  total  accidents  and  fatal  accidents  for  the  affected  segments. 

Impacts  on  highways  would  be  reduced  to  slightly  above  those  of  the  No  Action 
Alternative  if  products  are  trucked  on  the  highway.   Pipelines  could  be  used 


TABLE    IV--2  6 
UTILIZED    PERCENT    OF   HIGHWAY   CAPACITY 
WITH   PEAK  HOUR    TRAFFIC 


Highway   Segment  No   Action  C-ll p"18 Combined 


1988  Low 

A  Rifle  to  Rio  Blanco  53  61  58  66 

Bl  Rio  Blanco  to  Ryan  Gulch  22  26  24  29 

B2  Ryan  Gulch  to  White  River  City   9  11  9  11 

C  Meeker  to  Rio  Blanco  36  41  39  43 

D  Meeker  to  White  River  City  22  24  22  25 

E   Rangely  to  White  River  City  18  20  19  20 

1988  High 

A  56  67         •  64  75* 

Bl  24  29  29  35 

B2  10  13  12  14 

C  39  49  44  50 

D  24  27  26  27 

E  21  22  21  23 

1993  Low 

A  •  49  72  66  90* 

Bl  15  39  35  59 

B2  8  13  12  18 

C  36  39  38  41 

D  20  22  21  23 

E  18  24  24  30 

1993  High 

A  57  100**  94**  137** 

Bl  24  70  67  111 

B2  9  23  22  36 

C  38  42  41  45 

D  22  24  22  24 

E  21  33  32  44 

*   Numbers  near  85  percent  and  up  to  90  percent  indicate  momentary  traffic  slowdowns. 
**  Numbers  just  below  100  percent  indicate  some  traffic  slowdowns  by  10  mph  while  numbers  of 
100  percent  and  above  indicate  very  frequent  slowdowns  of  10  mph. 
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TABLE  IV-2  7 
PREDICTED  NUMBER  OF  ADDITIONAL  HAUL  TRUCKS  PER  DAY 


Production  Level 
For  1993 


No  Action 


C-ll 


C-18 


Combined 


FOR  DIRECT  AND  MINE  ASSISTED  IN-SITU  MINING 


Low 
A 
Bl 
B2 
C 
D 
E 


180 
180 


1,119 

1,119 

322 


322 


939 
939 
322 


322 


2,058 

2,058 
644 


644 


High 
A 
Bl 
B2 
C 
D 
E 


180 
180 


2,238 

2,238 
644 


644 


2,058 

2,058 

644 


644 


4,296 
4,296 
1,288 


1,288 


FOR  TRUE  IN-SITU  MINING  ** 


Low 
A 
Bl 
B2 

C 
D 
E 


180 

220 

180 

220 

• 

■  .  \ 

322 


40 

40 


322 


260 
260 

■'■"  ■': 


High 
A 
Bl 
B2 
C 
D 
E 


180 

440 

180 

440 

— 

644 

644 


260 
260 
644 


644 


700 

700 

1,283 


1,288 


*   There  would  be  no  production  from  either  tract  in  1988 

**  True  in-situ  mining  will  produce  only  shale  oil  and  caustic  soda 
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TABLE  IV-28 

//":;•',  highway  damage  from  product  hauls 


Alternatives 


A* 


Impacted  Segments  Dollars  in  Thousands 

B*  B2**  e** 


No  Action  1993 
(Both  Scenarios) 


222 


218 


DAMAGE    FROM    DIRECT  AND  MINE   ASSISTED    IN-SITU   METHODS 


C-ll,    1993,    Low 
C-ll,    1993,    High 

C-18,    1993,    Low 
C-18,    1993,    High 

C-ll    &   C-1 8,    1993,    Low 
C    I  C-18,    J 


1,380 

1,358 

2,760 

2,716 

1,158 

1,140 

2,316 

2,280 

2.538 

2.498 

■  ,076 

4,996 

412 
824 

412 
82  4 

82  k 

3  , 6  ':  8 


752 
1,504 

752 
1,504 


1,504 


DAMAGE    FROM    TRUE    IN-SITU   METHOD 


C-ll,  1993,  Low 

C-ll,  1993,  High 

C-18,  1993,  Low 

C-18,  1993,  High 

Comb,  1993,  Low 

Comb,  1993,  High 


270 

270 

540 

540 

50 

50 

490 

490 

320 

320 

1,030 

1,030 

412 
824 

412 
824 

82  4 
1,648 


752 

1,504 

752 
1,504 

1,504 
3,008 


*   Damage  resulting  from:  trucking  minerals  other  than  shale  oil. 

**  Damage  resulting  from  trucking  shale  oil. 

Note:   The  dollar  values  represent  increased  maintenance  costs  and  the  cost  of  shortened 
highway  life. 
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TABLE  IV-29 
PREDICTED  TOTAL  VEHICLE  ACCIDENTS  PER  YEAR 


Production  Level  by  Year 

Road  Segment No  Action C-ll C-18 Combined 

Low  1988 

A   Rifle  to  Rio  Blanco  101  117  110  126 

Bl  Rio  Blanco  to  Ryan  Culch  31  38  36  42 

B2  Ryan  Gulch  to  White  River  City   13  17  14  18 

C   Meeker  to  Rio  Blanco  81  91  86  95 

D   Meeker  to  White  River  City  29  32  30  34 

E   Rangely  to  White  River  City  53  56  53  56 

Total  308  351  329  371 

High  1988 

A  108  129  122  143 

Bl  36  45  43  51 

B2        •  15  20  18  22 

C  87  100  99  111 

D  32  37  34  38 

E  60  66  62  67 

Total  338  397  378  432 


101 

117 

31 

38 

13 

17 

81 

91 

29 

32 

53 

56 

308 

351 

108 

129 

36 

45 

15 

20 

87 

100 

32 

37 

60 

66 

338 

397 

93 

138 

23 

58 

12 

23 

81 

88 

28 

30 

51 

70 

288 

407 

108 

191 

36 

103 

15 

36 

86 

94 

29 

32 

59 

94 

333 

550 

Low  1993 

A  93  138  126  171 

Bl  23  58  51  87 

B2  12  23  21  32 

C  81  88  84  91 

D  28  30  28  31 

E  51  70  63 

Total  288  407  373 

High  1993 

A  108  191  179  262 

Bl  36  103  9  7   •  164 

B2  15  36  34  55 

C  86  94  92  100 

D  29  32  30  33 

E  59  94  92  126 

Total  333  550  524  740 
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TABLE    IV-30 

PREDICTED  FATAL   VEHICLE  ACCIDENTS    PF.R   10    YEAR    PERIODS    * 

(1   OR  MORE   FATALITIES    PER  ACCIDENT) 


Production  Level   by   Period 

Road    Segment t No   Action C--11 C-18 Combined 

1988  Low 

A  Rifle  to  Rio  Blanco             6  7  7               8 

Bl  Rio  Blanco  to  Ryan  Gulch         3  3  3               4 

B2  Ryan  Gulch  to  White  River  City    1  1  1                1 

C  Meeker  to  Rio  Blanco             5  6  5               6 

D  Meeker  to  White  River  City       3  4  3                4 

E   Rangely  to  White  River  City      6  6  6                6 

Total  24  27  25  29 

1988  High 

A                               7  8  8               9 

B3                                3  4  4               h 

J  2  1               2 

C                               5  6  6/ 

D                               4  4  4               4 

E                               7  7  7               8 

Total  27  31  30  34 

1993  Low 

A                                 6  8  8  11 

Bl                                2  5  4               7 

B2                                12  2               3 

C                                 5  5  5               6 

D                                 3  3  3               3 

E                                 6  8  8  10 

Total  23  31  30  40 

1993  high 

A                                 7  12  11  16 

Bl                                3  9  8  14 

B2                                14  3               5 

C                               5  6  6               6 

D                                 3  4  3               4 

E                                 7  11  10  14 

Total  26  46  41  59 

*   The  projected  number  of  accidents  over  a  10  year  period  is  based  on  the  number  of  fatal 
accidents  for  the  alternatives  in  1988  and  1993  extended  over  a  10  year  period. 
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to  transport  shalo  oil  and  would  eliminate  most  of  the  impact  on  highway 
segments  B2  and  E.   If  a  pipeline  were  constructed  to  transport  ammonia,  and  a 
railspur,  slurry  pipeline,  four  lane  highway,  conveyor,  or  private  haul  road 
were  constructed  from  the  sites  to  Rifle,  most  of  the  impacts  on  segments  A 
and  Bl  would  be  eliminated. 

Of  these,  a  four  lane  highway  would  be  expensive  to  build  and  maintain,  water 
supply  for  a  slurry  pipeline  would  not  be  adequate,  it  would  be  very  difficult 
to  obtain  easements  for  a  private  haul  road  and  a  conveyor  system  would  be 
extremely  long.   Probably  the  most  feasible  way  to  transport  the  products 
would  be  by  pipeline  for  shale  oil  and  ammonia,  and  rail  for  solid  minerals. 

While  both  a  rail  system  (URS  Engineers)  and  a  pipeline  (La  Sal)  have  been 
proposed  for  this,  neither  proposal  has  been  finalized,  leaving  open  the 
possibility  that  products  would  be  transported  by  highway  truck  for  an 
undetermined  length  of  time. 

Railroads 

The  effects  of  the  estimated  increase  in  rail  traffic  through  Rifle,  to  load 

shale  minerals,  would  not  be  significant. 


NOISE 


Noise  increases  would  occur  resulting  from  machinery  operations  on  the  tracts 
and  from  increased  traffic  on  Colorado  highway  13/789  and  Rio  Blanco  County 
Road  5  (Piceance  Creek  Road).   The  Environmental  Protection  Agency  (EPA) 
identifies  55  decibels  (db)  as  the  significant  threshold  for  sustained  noise 
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to  a  listener.   This  level  of  noise,  and  higher,  could  cause  minor 
physiological  reactions,  such  as  irritability  and  annoyance,  depending  upon 
the  sensitivity  of  the  listener. 

Noise  levels  from  operating  equipment  on-site  would  be  raised  from  40-45  db  to 
80-90  db,  at  the  tract  boundary.   The  largest  point  source  for  noise  is 
assumed  to  be  secondary  crushers  at  approximately  90  db,  measured  at  50  feet. 
The  largest  linear  source  of  noise  is  assumed  to  be  overland  conveyors  at 
approximately  75  db,  measured  at  50  feet.   Using  an  attenuation  rate  of  6  db 
for' point  sources,  and  3  db  for  linear  sources  per  doubling  of  distance,  noise 
f  r<   .   '      opei       oi  ti  ci  Id     ;  ar<  up  to  fivi    j  ;  away ,  but 

would  be  down  to  55  db  at  approximately  one  mile  from  the  tract.   These 
estimates  represent  the  most  severe  anticipated  case.   Attenuation  rates  would 
more  probably  be  between  5  and  6  db  per  doubling  of  distance  for  line  sources, 
and  8  and  9  db  for  linear  sources.   If  this  is  the  case,  noise  levels  would 
not  be  noticeably  increased  more  than  one  mile  from  the  tract. 

The  closest  residences  are  approximately  five  miles  from  the  tract(s). 
Because  of  intervening  terrain  they  are  protected  from  any  effects  of  onsite 
noise  increases,  although  highway  noise  would  be  noticeable  and  may  adversely 
affect  the  aesthetics  of  the  basically  quiet,  rural  setting,  depending  on  the 
sensitivity  of  the  listeners. 

More  noise  would  be  generated  during  peak  operation  years  (1993)  than  during 
construction  (1988).    Combined  effects  resulting  from  both  tracts  operating 
at  the  same  time  would  not  be  significantly  more  than  one  tract.   Recreational 
users,  especially  hunters,  would  be  displeased  by  the  increased  noise  near  the 
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tract(s).   Noise  contours  will  be  developed  when  the  exact  location  and  type 
of  facilities  within  the  tract  is  known.   Intervening  topography  and 
vegetation  would  screen  at  least  a  portion  of  the  noise,  depending  upon 
location. 

Noise  increases  along  the  roads  between  Rifle  and  the  tract(s),  caused  by 
increased  product  haul  truck  traffic  would  vary  considerably,  depending  upon 
alternative.   Only  moderate  noise  increases  would  result  during  the 
construction  period  and  for  true  in-situ  methods  of  mining.   Since  only  shale 
oil  and  caustic  soda  are  assumed  to  be  produced  under  the  true  in-situ 
scenario,  fewer  trucks  would  be  required  than  for  the  other  scenarios. 

All  alternatives  that  involve  the  other  mining  methods,  during  the  peak 
operation  years  would  produce  some  degree  of  significant  noise  increases  along 
the  affected  road  segments.   Increases  in  noise  levels  would  be  as  follows: 

)ne  tract,  low  level  pr  d  iction  -  3  'lb  (Notii  cable  increase) 
Both  tracts,  low  level  production  -  5  db 
One  tract,  high  level  production  -  5  db 
Both  tracts,  high  level  -  9  db  (almost  doubling  the  preceived  noise  level) 

Existing  noise  levels  along  these  road  segments  (measured  at  50  feet)  are 
currently  about  69  db.   The  above  increase  would  add  significant  noise 
increases  and  would  affect  those  residences  along  these  roads  to  varying 
degrees,  depending  upon  distance  from  the  road  and  sensitivity  to  noise. 

NET  ENERGY  ANALYSIS 
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A  net  energy  analysis  was  completed  for  each  development  scenario  and 
production  rate.   Because  a  detailed  mining  and  production  plan  is  beyond  the 
scope  of  this  document,  general  mining  and  production  plans  were  assumed  for 
use  in  the  energy  analysis.   Therefore,  the  energy  analysis  for  C-ll  is  the 
same  as  C-1S. 

The  methodology  used  in  the  net  energy  analysis  is  set  forth  in  Energy 
Analysis  Handbook  for  Oil  Shale  Development:  (Melcher  1902).   The  handbook  was 
developed  under  a  contract  with  Colorado  School  of  Mines  Research  Institute 
for  the  BLM.   The  methodology  attempts  to  quantify  the  energy  used  to  produce 
energy.   The  methodology  employed  "trajectories"  broken  into  modules  for  each 
production  scenario  and  rate.   Each  direct  and  indirect  energy  input  was 
traced  back  to  resources  in  the  ground,  forming  the  parameters  of  the  study. 
The  analysis  does  not  include  an  energy  assessment  of  unrecovered  resources. 
Energy  input  included  operational,  transportation,  materials  and 
infrastructure  energies. 

Table  IV-31  indicates  the  daily,  direct  energy  requirements  needed  for 
multiple  mineral  production  by  energy  type  and  production  scenario.   The  table 
would  seem  to  indicate  that  for  maximum  efficiency,  mine  assisted  in-sil.u 
would  be  the  best  retorting  technology.   However,  mine  assisted  in-situ  has 
approximately  five  percent  less  recovery  rate  when  compared  to  room  and  pillar 
mining  and  aboveground  retorting.   Also,  shale  oil  produced  by  mine  assisted 
in-situ  retorting  is  better  suited  for  middle  distillate  (diescl)  cuts  during 
refinement  while  aboveground  "Type  4"  retorting  (a  predicated  solid  comes  into 
contact  with  the  oil  shale  for  retorting)  produces  shale  oil  better  suited  for 
high  distillate  (gasoline,  kerosene)  cuts  during  refinement. 
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The  energy  output  to  input  ratio  shown  on  the  table  ranges  from  2.5-4.6  to  1.0 
These  ratios  are  lower  than  other  energy  products  such  as  coal  because  oil 
shale  retorting  is  very  energy  intensive  and  the  energy  required  to  produce 
soda  ash,  nahcolite  and  alumina  is  also  included. 

The  net  energy  analysis  does  not  vary  by  tract  and  differs  only  by  development 
scenario  and  production  rates.   At  25,000  bbls/day  or  50,000  bbls/day,  either 
tract  would  produce  approximately  8  million  or  16  million  barrels  of  shale 
oil,  respectively,  each  year.   Based  on  1981  import  figures,  this  production 
represents  0.5  percent  or  1.0  percent  of  our  annual  oil  imports  respectively. 
The  Combined  Alternative  would  produce  either  16  million  or  32  million  barrels 
of  shale  oil.   These  represent  1.0  percent  or  2.0  percent  of  our  annual  oil 
imports . 

Of  the  total  direct  energy  required  to  produce  oil  shale,  25  percent  of  it  is 
electrical.   Because  of  recent  load  projections,  the  State  of  Colorado  has 
expressed  concern  over  the  availability  of  generating  capacity  to  meet  the  oil 
shale  industry's  needs.   Electrical  generation  requirements  for  either  tract 
will  require  from  21.9  to  230.8  megawatts  of  generating  capacity,  depending  on 
the  production  scenario  and  rate.   Projections  by  the  Public  Utilities 
Commission  indicate  that  by  1991  Colorado  will  be  a  net  importer  of 
electricity.   The  electrical  demands  of  the  tracts  could  be  met  by  increasing 
imported  electricity  or  by  building  another  generating  station  within  the 
state.   It  is  unclear  whether  excesa  electrical  generating  capacity  is 
available  within  the  Western  Area  Power  Administration's  region.   The  Moon 
Lake  power  plant  in  Bonanza,  Utah  may  build  a  second  350  megawatt  unit.   Also, 
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Colorado  Ute  Electric  is  exploring  the  potential  for  another  generating 
station  in  Colorado. 

Onsite  electrical  generation  could  reduce  the  electrical  requirements  in  the 
production  process.   For  example,  at  Tract  C-b  the  estimated  potential  for  off 
tract  export  of  surplus  electrical  power  is  from  300  to  400  megawatts  from  low 
BTU  gas  boilers,  gas  turbines,  and  waste  heat  boilers.   This  would  be 
accomplished  by  recycling  the  low  BTU  off  gases  produced  in  the  retort  into  a 
steamboiler  or  a  gas  fired  generator.   However,  the  technology  for  low  BTU  gas 
fired  generators  is  in  its  infancy  and  it  is  unclear  whether  they  will  be 
technologically  and  economically  viable.   Direct  energy  requirements  for  mine 
assisted  in-situ  could  be  cut  by  six  percent  and  for  aboveground  retorting  by 
eight  percent  using  this  co-generation  technology.   If  this  technology  can  be 
developed,  each  oil  shale  project  could  export  between  220  and  320  megawatts 
of  power.   This  represents  between  7.5  X  108  BTU  and  1.1  X  10S  BTU  of 
additional  energy  produced.   It  is  unclear  whether  true  in-situ  could  adopt 
co-generation  technology  in  its  operations. 

EXISTING  RIGHTS 

Existing  rights-of-way  could  be  impacted  depending  on  the  mining  technique 

* 
used.   The  direct  min  ■   ,  surface  retort  and  the  mine  assisted  in-situ  mining 

methods  could  impact  the  rights-of-way  by  either  subsidence  or  by  being 

covered  with  spent  shale.   The  true  in-situ  method  could  impact  the 

rights-of-way  by  surface  disturbance  associated  with  intensive  roads, 

pipelines  and  well  pad  construction  needed  for  that  mining  method. 
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Dowatering  of  the  bedrock  aquifer  system  could  impact  existing  surface  and 
groundwater  water  rights  holders.   Springs  and  wells  located  in  the  immediate 
vicinity  of  the  lease  tracts  should  be  monitored  as  should  the  flow  of 
Piceance  and  Yellow  Creeks  in  accordance  with  Environmental  Stipulations  of 
the  lease  Section  1(c)(2). 

Leasing  of  the  tracts  would  complicate,  to  some  extent,  concurrent  development 
of  oil  and.  gas  and  oil  shale.   An  agreement  with  Mineral  Management  Service, 
the  oil  and  gas  lease  holder  and  the  oil  shale  leaseholder,  to  allow  for  the 
orderly  development  of  both  leases  would  be  necessary.   This  would  involve 
! ,  cial  stipulations  being  put  into  the  Application  for  Permit  to  Dril]  to 
protect  the  mining  and  recovery  of  oil  shale  deposits.   A  similar  stipulation 
would  also  be  put  into  new  oil  and  gas  leases  located  within  the  tract 
boundaries . 

Prior  to  any  oil  shale  leasing  of  Tract  C-18,  an  agreement  would  have  to  be 
developed  between  the  government  and  the  current  sodium  lease  holder  that 
would  assign  the  sodium  lease  to  the  successful  bidder.   This  assignment  will 
be  announced  in  the  Federal  Register  concurrently  with  the  announcement  of  the 
lease  sale,  at  least  30  days  prior  to  the  sale. 

Tract  C-ll  includes  the  Bureau  of  Mines  Research  Facility  at  Horse  Draw,  that 
may  or  may  not  be  an  advantage  to  a  potential  developer.   If  the  lessee 
determines  that  the  Horse  Draw  Facility  would  be  beneficial  to  his  operations, 
an  agreement  would  have  to  be  reache'd  whereby  the  lessee  would  assume  all 
liabilities  associated  with  the  facility.   If  not,  the  Bureau  of  Mines  would 
reclaim  the  facility  in  accordance  with  their  existing,  approved  reclamation 
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and  abandonment  plan.   If  the  lessee  determines  to  utilize  a  portion  of  the 
facility,  the  lessee  would  be  liable  for  only  that  portion  with  the  Bureau  of 
Mines  assuming  liability  for  the  remainder  of  the  facility.   If  Tract  C-ll  is 
offered  for  lease,  potential  lessees  should  indicate  how  they  intend  to 
utilize  the  facility  in  the  preliminary  mine  plan  submitted  at  the  time  of 
lease  sale.   The  successful  bidder  would  expand  this  discussion  in  the 
Detailed  Development  Plan. 

SURFACE  RECLAMATION  AND  SOLID  WASTE  DISPOSAL 

Reclamation  of  the  mine  facilities,  surface  retort,  and  true  in-situ  borehole 
activities  associated  with  oil  shale  leasing  would  follow  standard  reclamation 
practices.   Spent  shale  waste  disposal  would,  however,  require  more  intensive 
reclamation  procedures  due  to  high  salinity,  potential  trace  element 
toxicities,  and  stabilization  problems. 

Mine  Facilities  and  Surface  Retort  Reclamation 

Mine  site  and  surface  retort  facilities  would  most  likely  be  located  in  areas 
of  relatively  flat  terrain  requiring  the  least  construction  effort.   These 
areas  should  have  relatively  good  topsoil  salvage.   Reclamation  of  these  areas 
under  standard  practices  would  entail  removal  of  all  structures,  recontouring, 
replacement  of  subsoil  and  topsoil,  construction  of  erosion  control 
structures,  seed  bed  preparation  and  seeding  as  required  in  the  Environmental 
Stipulations  of  the  lease,  Section  11.   Fertilizer  and  irrigation  practices 
would  follow  during  the  first  spring  growth  and  continue  until  permanent 
revegctation  is  established.   Fencing  would  also  be  necessary  to  protect  the 
seedlings  from  livestock  grazing  until  establishment.   Es tablishment  of 
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suitable  vegetation  could  be  effective  within  three  to  four  years  after 
seeding. 

True  in-situ  borehole  activities  such  as  roads,  pipeline  routes,  well  pads  and 
mine  facilities  would  involve  a  large  disturbance  of  the  tract.   Reclamation 
would  be  required  on  several  types  of  soil  and  vegetation.   Intensive 
reclamation  efforts  may  or  may  not  be  necessary  on  those  areas  which  are 
sparse  in  vegetation  with  south  to  southwest  facing  steep  slopes.   Such  sparse 
vegetation  areas  would  be  returned  to  a  cover  and  composition  similar  to  that 
which  existed  prior  to  disturbance.   The  principal  emphasis  would  be  soil 
stabilization  during  plant  establishment. 

Spent  Shale  and  Shale  Processing  Waste  Disposal 

Spent  shale  waste  would  involve  surface  and  underground  disposal  for  both  the 
direct  mining  with  surface  retort,  and  the  mine  assisted  in-situ  retort 
methods.   Surface  and  underground  disposal  would  require  consideration  of  the 
physical  and  chemical  properties  of  spent  shale  as  factors  that  would  affect 
reclamation.   These  factors  are  directly  related  and  would  vary  by  the  type  of 
retort  process  used.   In  addition  to  the  spent  shale,  there  would  be  other 
wastes  associated  with  the  retorting  process  and  upgrading  of  the  shale  oil  on 
site . 

Processing  of  shale  and  associated  minerals  would  produce  spent  catalysts, 
caustics,  flocculents,  filtering  agents,  trace  elements,  sanitary  wastes  and 
separator  sludges  (Crawford  et  al  1977).   Shale  oil  coke  is  another  expected 
product  if  the  shale  oil  is  upgraded  onsite.   If  not  sold  (such  as  the  shale 
oil  coke),  these  processing  wastes  become  a  disposal  problem  similar  to  that 
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of  the  spent  shale.   Studies  have  shown  that  for  a  36,000  bbls/day  shale  oil 
production  rate,  these  by-products  and  wastes  would  amount  to  only  one  to  two 
percent  (295,000  tons)  of  the  total  wastes  __  produced  annually  (Crawford  et  al 
1977).   Similar  percentages  can  be  expected  for  a  25,000  or  50,000  bbls/day 
operation.   Some  of  these  wastes  may  classify  as  hazardous  wastes  under  EPA 
criteria  and  should  be  disposed  of  accordingly.   Otherwise,  spent  shale 
processing  wastes  are  expected  to  be  disposed  of  concurrently  and  in  the  same 
manner  as  retorted  shale  provided  that  processed  waste  including  catalyst 
wastes  do  not  have  undesirable  effects  upon  the  spent  shale  piles,  environment 
or  disposal  sites. 

Factors  affecting  disposal  practices  of  shale  wastes  involve  expansion, 
compaction,  cementation,  permeability,  seepage  and  leachates.   These  factors 
are  directly  related  to  the  retorting  process  in  terms  of  feed  preparation, 
processing,  duration,  and  temperature  in  the  retort.   As  a  result,  the 
re torting ' process  itself  can  have  differing  effects  upon  reclamation  and 
d i spi  s al  pi  1  e  dynamic s  . 

New  waste  disposal  technology,  refinements  in  the  retorting  process,  and 
changes  in  environmental  protection  laws  would  provide  changes  that  could 
enhance  reclamation  of  spent  shale  wastes.   Flexibility  in  reclamation 
techniques  and  laws  is  provided  under  the  Environmental  Stipulations  of  the 
lease,  Section  l.(B). 

Discussions  concerning  the  compaction,  cementation,  and  permeability  of  spent 
shale  deal  mostly  with  Paraho  and  TOSCO  spent  shale.  Spent  shale  is  somewhat 
unique  in  the  properties  previously  discussed.   Use  of  the  Paraho  and  TOSCO 
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spent  shale  data  will  give  an  indication  of  the  typical  parameters  considered 
for  spent  shale  waste  disposal. 

Expansion  of  Spent  Shale 

Expansion  of  shale  is  due  to  the  crushing  process  it  undergoes  prior  to 
surface  retorting.   When  shale  is  crushed,  its  volume  will  double  per  unit 
mass;  and  during  retorting  40  percent  of  this  doubled  volume  will  be  burned 
off  resulting  in  a  20  percent  net  gain  in  volume  over  raw  shale  that  is  in 
place  (Bloomfield  and  Stewart  1981).   For  either  the  direct  mining  and  surface 
retort  or  the  mine  assisted  in-situ  method,  surface  disposal  of  spent  shale 
would  be  necessary  due  to  a    20  percent  expansion  factor. 

Compaction  of  Spent  Shale 

Compaction  of  spent  shale  would  be  crucial  for  adequate  underground 
(backfilling)  and  surface  disposal.   Spent  shale  compacted  to  100  pounds  per 
cubic  foot  or  greater  would  result  in  good  strength  and  is  essentially 
semipervious  to  impervious  (Bloomfield  and  Stewart  1981).   If  spent  shale  is 
not  compacted  to  this  level,  then  problems  associated  with  the  natural 
cementation  qualities,  permeability,  leachate  quality  and  seepage  probably 
would  occur  due  to  ground  and  surface  waters  entering  the  disposal  piles. 
Compaction  to  this  level  has  only  been  performed  under  laboratory  and  small 
scale  field  conditions.   Compaction  tests  on  a  large  scale,  (especially  for 
underground  disposal)  have  not  been  conducted  to  test  the  feasibility  or 
effectiveness  of  compaction. 

The  ability  to  compact  spent  shale  is  dependent  upon  its  compressive  strength. 
Compressive  strength  however,  is  dependent  on  retort  temperature  and  retort 
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residence  time  of  the  raw  shale.   Maximum  compressive  strengths  of  270  to  325 
pounds  per  square  inch  can  be  obtained  at  specific  temperatures  and  time  in 
the  retort  (Bloomfield  and  Stewart  1981).  - 

Compressive  strengths  of  unconfined  spent  shale  should  increase  as  the  spent 
shale  cures  or  settles.   The  compressive  strength  during  curing  can  be 
affected  by  the  moisture,  temperature  and  particle  size  of  the  spent  shale. 
Ninety  percent  of  ultimate'  strength  or  more  can  be  obtained  in  16  to  28  days 
of  curing  (Bloomfield  and  Stewart  1981;  Crawford  et  al  1977),   Some  processed 
shales  show  a  fall  off  in  compressive  strength  over  time.   Because  long-term 
studies  have  not  been  done  on  large  scale  piles  of  spent  shale,  it  is 
presently  unknown  if  a  pile  will  retain  its  stability  or  whether  the  compacted 
(naturally  cemented)  pile  will  peak  in  strength  and  fall  off  with  time. 

For  underground  disposal,  compaction  can  increase  the  amount  of  spent  shale  to 
be  stowed  and  increases  resistance  to  saturation  by  groundwater.   To  enhance 
underground  (backfilling)  compaction  strength,  the  addition  of  flocculents  and 
cementing  agents  generally  do  not  work.   However,  a  five  to  one  shale  and 
cement  mixture  at  15  percent  moisture  content  would  increase  compressive 
strengths  after  eight  days  of  curing  (Bloomfield  and  Stewart  1977). 
Compaction  of  surface  disposal  piles  to  a  semipervious  to  impervious  condition 
would  be  necessary  to  reduce  the  possibility  of  slope  failure  causing  mass 
wasting . 

Spent  shale  fills  and  embankments  are  more  stable  when  compacted  under  dry 
conditions  than  under  saturated  conditions.   Studies  indicate  slopes  of  two  to 
one  and  three  to  one  would  be  stable  in  dry  and  saturated  piles  respectively 
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(Bloomfield  and  Stewart  1981;  Crawford  et  al  1977).   The  likelihood  of  slope 
failure  is  reduced  if  spent  shale  piles  are  uniformly  compacted  with  available 
equipment.   Portions  of  a  disposal  pile  that  could  induce  slope  failure  are 
the  boundary  layers  (interfaces)  that  can  occur  in  a  pile,  such  as  (Crawford 
et  al  1977): 

« 

1.  Valley  floor  to  pile  sides 

2.  Compacted  to  noncompacted  faces 

3.  Overburden  to  processed  shale  faces 

4.  Topsoil  to  processed  shale  faces 

Cemental ion  of  Spent  Shale 

The  natural  cementing  property  of  spent  shale  depends  upon  both  particle  size 
and  retorting  process.   To  a  large  degree,  natural  cementation  will  determine 
the  stability  and  maintenance  of  the  compactive  strength  of  spent  shale 
disposal  piles.   Harbert  and  Berg  (1978),  in  their  studies  of  vegetative 
stabilization  of  oil  shale  suggest  that  the  natural  cementation  properties  of 
spent  shale  will  pose  fewer  long-term  environmental  problems.   Depending  on 
the  retort  process,  spent  shale  will  either  be  carbonaceous  or  decarbonized. 

Carbonaceous  shales  are  those  shales  which  were  retorted  at  low  temperatures 
and  contain  five  percent  or  more  organic  matter  (Crawford  et  al  1977). 
Carbonaceous  shales,  due  to  their  low  temperature  origin,  will  have  poor 
cementing  qualities  at  best  (when  moisturized  and  compacted).   This  would 
decrease  the  chance  of  forming  a  water  impervious  disposal  pile.   Leaching 
through  the  pile  is  therefore  greater  (Bloomfield  and  Stewart  1981)  and  pile 
instability  could  be  increased. 
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Decarbonized  shales  are  those  shales  which  are  processed  utilizing  residual 
carbonaceous  organic  matter  as  a  fuel  source  for  part  of  the  retorting 
process.   Decarbonized  shales  would  have  been  retorted  at  approximately  900 
degrees  Fahrenheit  ( °F)  or  more  and  contain  residual  carbon  of  three  percent 
or  less.   Burning  (oxidation)  of  the  residual  carbon  accompanied  by  calcining 
the  carbonate  minerals  at  higher  temperatures  could  be  a  source  of  process 
energy  resulting  in  nearly  carbon-free  shale  ash.   The  result  is  a  shale  ash 
having  a  composition  somewhat  similar  to  Portland  cement  with  certain 
cement-like  properties.   Some  decarbonized  shales  with  optimum  moisture 
content  can  obtain  90  percent  of  its  stability  in  disposal  piles  within  16 
days  of  curing  (Crawford  et  al  197  7). 

Grinding  of  decarbonized  shale  to  finer  particle  size  can  enhance  natural 
cementation  and  improve  disposal  p     strength  (Crawford  et  al  1977). 
However,  this  fine  grained  maten    .  ay  deteriorate  after  prolonged  exposure 
prior  Co  compaction  while  more        ,.  '■:■••:'•.■:<'. i.  '.■:  L  hough  i:  Lo    pose  fresh 
reactive  surfaces  under  compactive  efforts  (Bloomfield  and  Stewart  1981, 
Town send  and  Peterson  1979).   If  this  is  the  case,  then  timing  between 
retorting  and  disposal  of  spent  shale  would  become  important  to  obtain 
compactive  strengths  with  the  least  effort  (Bloomfield  and  Stewart  1981, 
Townsend  and  Peterson  1979). 

When  sodium  and  aluminum  minerals  are  extracted  concurrently  with  oil  shale, 
they  will  be  stripped  from  the  shale  prior  to  and  after  retorting.   Once 
removed,  the  effect  upon  natural  cementation  is  presently  unknown*   Research 
should  be  conducted  to  see  what  changes,  if  any,  occur  and  how  it  could  affect 
the  way  spent  shale  wastes  would  be  disposed. 


Cooling  of  Spent  Shale 

On  a  commercial  scale,  spent  shale  will  have  to  be  cooled  either  in  the  open 
air  or  by  water  application  prior  to  placement  in  disposal  sites.   Since  spent 
shale  will  require  moisturizing  to  increase  pile  stability  (for  compaction) 
and  natural  cementation  quantities,  water  cooling  is  most  likely.   The  use  of 
cooling  ponds  or  towers  to  release  heat  to  the  atmosphere  will  be  necessary  to 
prevent  thermal  pollution  once  the  moisturizing  or  leachate  water,  if  any,  is 
drained  from  spent  shale  piles. 

Permeability  and  Seepage  in  Sper.t  Shale  Disposal  Piles 

Permeability  of  spent  shale  disposal  piles  can  affect  the  compaction  and 
cementation  stability  of  a  pile.   Percolation  of  water  into  the  surface  layers 
of  a  disposal  pile  followed  by  successive  periods  of  wetting  and  drying, 
freezing  and  thawing,  deteriorates  the  effective  compaction  and  cementation  of 
the  pile. 

Permeability  of  a  disposal  pile  is  directly  related  to  the  compactive  effort  a 
pile  receives  and  the  type  of  spent  shale  being  compacted.   Decarbonized 
shales,  although  initially  coarse-grained,  can  be  compacted  with  less  effort 
than  fine  grained  carbonaceous  shale  to  impervious  and  semipervious 
conditions.   An  impervious  to  semipervious  condition  reduces  percolation 
significantly. 

Seepage  into  spent  shale  disposal  piles  is  directly  related  to  the  evaporation 
rate  and  permeability  of  the  compacted  pile.   Excess  seepage  into  a  disposal 
pile  can  cause  slope  failure  and  mass  wasting  resulting  in  reclamation 
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failure.   Greater  compaction  densities  can  result  in  lower  seepage  rates 
(Bloomf ield  and  Stewart  1981),  but  higher  runoff  rates.   This  would  require 
water  diversions  to  prevent  runoff  scour  and  channelling  into  the  piles.   If 
lower  compaction  densities  are  used,  then  liners  under  the  piles  and  catchment 
basins  will  be  necessary  to  collect  any  leachates  resulting  from  increased 
seepage  rates.   In  addition,  studies  at  test  site  R-3  on  Tract  C-a  indicate 
that  seepage  into  and  through  disposal  piles  can  be  diminished  by  placing  a 
layer  of  soil-like  material  over  the  pile.   Optimum  seepage  rates  can  be 
obtained  by  assuring  optimum  compaction  based  on  the  characteristics  of  the 
spent  shale.   Adequate  compaction  densities  can  be  achieved  through  the  use  of 
grading  and  hauling  equipment,  however,  compaction  by  this  means  may  not  be 
uniform  causing  higher  seepage  rates.   Optimum  seepage  rates  could  also  be 
obtained  by  designing  spent  shale  piles  to  have  an  average  evaporation  rate 
that  would  equal  the  average  infiltration  rate.   However,  such  a  condition 
would  not  be  conducive  to  plant  growth  for  reclamation. 

■  of  Shale  Oi  ;posal  Piles 
Successful  reclamation  of  spent  shale  disposal  piles  depends  on  the  ability  to 
control  the  amount  and  quality  of  leachates  at  acceptable  levels  if  they 
occur.   Leachates  of  inorganic  constituents,  trace  elements,  total  dissolved 
solids  (TDS),  salinity  and  pH  are  dependent  upon  corapactive  densities  and  the 
retorting  process  used  (Bloomfield  and  Stewart  1931).   Fluorine  and  molybdenum 
were  both  reduced  significantly  in  leachates  of  decarbonized  shales,  but 
increased  in  carbonized  shales  (Stollenwerk  and  Runnells  1981). 

The  use  of  higher  temperatures  in  the  retort  can  control  the  occurrence  of 
some  tuace  elements  in  the  spent  shale.   For  example,  under  certain  conditions 
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at  temperatures  greater  than  2000°F  boron  will  become  incorporated  into 
insoluble  forms  of  silicated  minerals  such  as  akermanite,  monticellite  and 
diopside  (Stollenwerk  and  Runnells  1981). 

Total  Dissolved  Solids  will  be  generally  higher  in  retorted  shale  leachates 
than  raw  shale  leachates  (Stollenwerk  and  Runnells  1981).   There  is 
disagreement  between  some  researchers  as  to  whether  TDS  will  increase  or 
decrease  from  high  temperature  decarbonized  shales  to  more  than  twice  as  high 
as  that  of  decarbonized  shales,  due  to  formation  of  less  soluable  minerals. 
Crawford  et  al.  (1977)  found  that  TDS  generally  increased  in  decarbonized 

Les  due  t<  ■    ■   '■  ■     tral  d  icompoi  ition  re1.-        !<     ire  soluable  salts.   TDS  levels 
in  leachates  from  spent  shale  might  be  expected  to  decrease  when  soluble 
sodium  minerals  such  as  nahcolite  are  extracted  during  the  processing  of 
shale.   Otherwise,  TDS  can  be  expected  to  increase  in  spent  shale-bearing 
sodium  minerals. 

Leachate  salinity  of  spent  shale  is  affected  by  retort  residence  time  and 
temperature.   At  very  high  temperatures,  alkalinity  content  will  decrease  to 
some  extent  with  increased  retort  residence  time  (Bloomfield  and  Stewart 
1981).   Moderate  to  high  retort  temperatures,  however,  will  increase  the 
salinity  of  spent  shale  because  decarbonized  shales  (more  desirable  for  their 
natural  cementation  qualities)  are  calcined,  and  these  are  higher  in  soluble 
salt  content.   Therefore,  studies  should  be  conducted  to  find  the  retort 
residence  time  that  would  decrease  or  minimize  soluble  salt  content  in 
decarbonized  shales  to  achieve  leachates  lower  in  salinity. 
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Within  limited  ranges,  leachate  pH  has  been  found  to  be  direetly  related  to 
increased  temperatures  in  the  retort.   The  pH  of  spent  shale  increases  from 
9.1  at  1000°F  to  11.3  at  1400°F  and  is  probably  associated  with  the  increased 
content  of  carbonates,  hydroxides  and  alumina  at  higher  temperatures 
(Bloomfield  and  Stewart  1981).   A  pH  of  8.5  to  9.0  is  considered  the  level 
which  would  inhibit  plant  growth.   The  pH  in  native  soils  in  Piceance  Basin 
range  from  7.0  to  8.1,  rarely  reaching  a  pH  of  8.1.   Although  some  species  of 
plants  can  grow  in  soils  with  a  pH  of  8.5,  these  plants  are  not  ecotypic  to 
the  Piceance  Basin.   If  spent  shale  is  not  made  impervious  to  semipervious , 
then  leachates  of  higher  pH  could  be  expected  to  cause  problems  when 
establishing  plants  for  reclamation. 

Control  of  leachates  (if  not  through  the  retorting  process)  would  require 
compactive  densities  of  approximately  100  pounds  per  cubic  foot  to  make  the 
piles  impervious  to  semipervious.   Use  of  shale  retort  process  water  to 
moisten  the  spent  shale  to  optimum  condition  for  compaction  is  not  expected  to 

;:   :  Lc  intly  Lower  the  Leachate  quality  from   !    ;h  Le  (Bloomfield  and 
Stewart  1981).   Another  method  that  can  be  used  to  control  leachate  quality 
from  a  disposal  pile  of  spent  shale  would  be  to  leach  the  material  prior  to 
placement  and  compaction.   Initial  leachates  from  a  disposal  pile  of  spent 
shale  would  fail  to  meet  EPA  recommended  water  quality  criteria  for 
molybdenum,  boron,  flo  .' ide  and  TDS  (Stollenwerk  and  Runnells  1981).   Leachate 
quality  could  be  improved  by  leaching  with  one  or  two  pore  volumes  of  water 
through  the  pile  to  reduce  molybdenum,  boron  and  TDS.   Fluoride  however,  will 
remain  high  after  several  leachings  of  pore  volume  (Stollenwerk  and  Runnells 
1981).   Once  leached,  piles  will  have  to  be  drained  to  a  moisture  content 
suitable  for   compaction.   However,  leaching  and  draining  of  large  quantities 
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of  spent  shale  as  a  final  part  of  the  processing,  or  on  large  commercial  scale 
disposal  piles,  has  not  been  conducted  to  test  the  effectiveness  of  such  a 
practice. 

Leachates  from  backfilled  mine  workings,  although  not  entirely  similar  to 
in-situ  retort  leachates,  are  thought  to  be  leached  in  the  same  manner  as 
in-situ  retorted  shale.   For  more  information  on  leachates,  refer  to  Chapter 
IV,  Hydrology,  Leachates  of  Subsurface  Retorts  section. 

Consolidation  (compaction)  of  spent  shale  to  a  solid  rock-like  form  is 
recommended  to  decrease  the  surface  area  of  the  spent  shale  if  it  is  exposed. 
Although  this  a<   re  ses  the  toxicity  pi  .  .   ers  of  the  spent  shale,  the  rate 
of  leachate  escape  is  decreased  (due  to  a  decreased  surface  area)  to  a  level 
and  quality  that  would  not  be  expected  to  significantly  decrease  normal  water 
quality.   Consolidation  could  also  be  achieved  by  the  addition  of  some  type  of 
binder  if  developed.   Consolidation  may  initially  cause  an  added  expense  to 
disposal  costs,  however,  this  cost  is  expected  to  be  offset  by  the  savings 
from  shortened  monitoring  periods  as  a  result  of  consolidation. 

Underground  Shale  Disposal 

Underground  disposal  (backfilling)  of  spent  shale,  although  more  expensive 
than  surface  disposal,  would  reduce  total  impacts  to  the  surface  environment. 
Backfilling  would  reduce  the  potential  for  subsidence  and  increase  resource 
recovery  through  stabilization,  allowing  for  relatively  thin  support  pillars 
(Bloomfield  and  Stewart  1981). 


170 


Utilizing  the  direct  mining  and  surface  retort  method,  75  to  85  percent  of  the 
retort  material  could  be  placed  back  into  the  mine.   This  would  reduce  the 
land  area  required  for  surface 'disposal  to  15  to  30  percent  of  that  required 
for  total  surface  disposal.   At  a  production  rate  of  50,000  bbls/day, 
backfilling  would  decrease  surface  disturbance  to  approximately  one-half  to 
one  acre  per  day  (Bloomfield  and  Stewart  1981). 

Utilizing  the  mine  assisted  in-situ  retort  method,  a  slightly  lesser  amount  of 
retort  material,  like  that  in  the  direct  mining  method,  could  be  placed  back 
into  the  mine.   At  full  production,  the  mine  assisted  in-situ  method  would 
decrease  surface  disturbance  to  approximately  three-quarters  of  an  acre  per 
day. 

The  most  efficient  method  to  backfill  a  mine  for  underground  disposal  is  the 
conveyor.   This  was  found  to  be  true  for  sublevel  stoping,  chamber  and  pillar 
mining.   This  method  costs  approximately  tv/ice  as  much  as  surface  disposal, 

:v<  r,  this  cost  could  bo  offset  by  the  benefit  of  less    i  :"  ce  area 
requiring  reclamation.   Benefits  of  conveyor  transport  for  backfilling  are  as 
follows  (Bloomfield  and  Stewart  1981): 

1.  Low  personnel  and  energy  requirements. 

2.  Low  capital  and  i   fating  costs. 

3.  Highest  pillar  support  potential. 

4.  Greatest  ability  for  increased  resource  recovery. 

5.  Most  retorted  shale  placement. 

6.  Least  surface  disturbance,  groundwater  contamination,  and  environmental 
deer  ad  a  tion. 
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7.    Safest  overall  method. 

All  spent  shale  and  mine  wastes  could  be  potentially  backfilled  into  the  mines 
if  the  nahcolite  and  dawsonite  recovery  is  great  enough  in  volume  to  offset 
the  expended  volume  of  crushed  spent  shale  (Bureau  of  Land  Management  1979). 
The  volume  of  material  that  could  be  backfilled  could  be  increased  if 
"declined  shafts",  "drifts"  and  "mined  areas"  are  sloped  enough  to  allow 
complete  backfilling  similar  to  that  of  the  Superior  Oil  Company  mining  plan. 

Aboveground  Shale  Disposal 

Surface  disposal  of  spent  shale  will  occur  during  two  phases:  1)  mine 

develop  5nt,  and  2)  devel<  ,  leni  of  overlying  shale  zo    above  the  saline  zone 

(during  full  shale  oil  production  starting  in  1993).   This  would  primarily  be 

20  to  60  percent  of  spent  shale  material  that  could  not  be  backfilled  after 

surface  retorting,  and  would  disturb  approximately  1,000  acres  or  less  with 

the  direct  mining  and  surface  retort  or  mine  assisted  in-situ  methods, 

respectively. 

Aboveground  disposal  of  spent  shale  could  decrease  total  surface  disturbance 
by  200  acres  if  the  1,000  acres  needed  for  disposal  is  overlapped  onto  the 
disturbance  of  the  mine  facilities  as  the  mine  is  abandoned.   This  would 
depend,  however,  on  the  sequencing  of  final  retorting  and  mine  facility 
withdrawal.   Stockpiling  of  the  spent  shale  for  a  short  period  of  time  would 
be  necessary.   The  main  advantage  of  this  would  be  the  reduced  cost  of  not 
having  to  strip  the  disposal  area  of  topsoil,  since  it  would  have  already  been 
stripped  to  build  the  mine  facility. 
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Topsoil  or  other  suitable  soil  material  would  be  needed  to  top-dress  spent 
shale  disposal  piles,  reducing  the  effects  of  extreme  surface  temperatures  and 
soluble  salts.   A  capillary  barrier  would  also  be  necessary  to  prevent  upward 
migration  of  soluble  salts  if  not  leached  below  the  root  zone. 

If  shrub  roots  penetrate  the  spent  shale  due  to  insufficient  top-dress,  then 
transport  and  accumulation  of  molybdenum  and  boron  may  occur  in  the  plants 
(Redente  and  Cook  1981).   Fluoride,  which  is  soluble  in  spent  shale,  may  also 
accumulate  in  these  deeper  rooting  plants.   Studies  indicate  that  plants  may 
also  accumulate  high  levels  of  molybdenum  and  zinc  (Harbert  and  Berg  1978). 
Consideration  of  the  shrub  species  rooting  depth  is  needed  in  order  to  prevent 
possible  molybdenosis  and  fluorosis  in  animals  which  would  later  graze  the 
area . 

Because  of  the  potential  for  upward  migration  of  salts  when  irrigation  ceases, 
only  shallow  rooted,  salt  tolerant  plants  would  be  expected  to  remain  in  a 
vegel       ■'<  imunity  establish  i  In  a  spent  shale  pile  covered  with  too  Little 
topsoil.   Also,  compacting  a  spent  shale  pile  to  the  point  where  it  is 
semipervious  or  impervious  to  water  would  make  the  spent  shale  pile 
impenetrable  to  roots,  especially  deep  rooted  species  such  as  shrubs. 
Therefore,  depth  of  the  topsoil  or  suitable  soil  becomes  important  to 
establish  a  diverse  and  stable  vegetative  community.   Small  plot  studies  on 
reclamation  of  spent  shale  piles  have  been  made  on  topsoil  depths  ranging  from 
11  to  35  inches  (Harbert  and  Berg  197  8,  Redente  and  Cook  1981).   Depths   of 
approximately  11  inches  required  intensive  fertilizer  and  irrigation 
treatments  to  reclaim  the  site.   These  small  plot  short-term  studies  may  not 
adequately  reflect  environmental,  conditions  on  a  commercial  scale  spent  shale 
disposal  pile.   Some  studies  suggest  that  at  least  24  inches  of  suitable  plant 
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growth  material  would  be  necessary  to  establish  a  permanent  and  diverse  plant 
cover  which  would  be  stable  over  time. 

Assuming  that  the  spent  shale  disposal  piles  are  placed  on  areas  with  the 
shallowest  soils,  2,090,000  cubic  yards  of  suitable  plant  growth  material 
would  be  available  for  salvage.   This  is  sufficient  to  cover  the  pile  to  a 
depth  of  15  inches.   Because  of  compaction  during  placement,  settling,  and 
erosion  of  topsoil  material,  as  little  as  eight  inches  could  be  available  for 
plant  growth  over  time.   To  cover  the  pile  to  a  depth  of  24  inches,  an 
additional  1,137,000  cubic  yards  of  soil  are  needed. 

Availability  of  suitable  soil  could  be  limited.   If  the  spoil  pile  is  placed 
where  soils  are  shallowest,  only  1,103,000  cubic  yards  of  suitable  plant 
growth  material  would  be  available  on  Tract  C-ll  and  about  2,775,000  cubic 
yards  of  suitable  plant  growth  material  would  be  available  on  Tract  C-18. 
Soil  material  may  have  to  be  borrowed  from  elsewhere  on  the  tract.   In  order 
to  adequately  top-dress  a  1,000  acre  spoil  pile  on  Tract  C-ll,  the  disturbance 
of  an  addiltional  800  acres  may  be  required.   In  order  to  adequately  top-dress 
a  1,000  acre  spoil  pile  on  Tract  C-18,  the  disturbance  of  an  additional  700 
acres  may  be  required. 

Use  of  subsoil  excavated  at  the  disposal  sites  as  suitable  plant  growth 
material  can  decrease  the  amount  of  surface  disturbance  and  provide  better 
depth  coverage.   Perhaps  depths  greater  than  24  inches  of  top-dress  can  be 
obtained  at  lower  cost  by  excavating  additional  subsoil  at  the  disposal  site 
rather  than  hauling  in  topsoil  from  elsewhere  on  the  tract.   It  may  be 
possible  to  obtain  additional  suitable  plant  growth  material  off  of  the  lease 
tracts. 


Topsoil,  once  excavated  from  a  disposal  pile  site,  should  be  replaced  as  soon 
as  practical  to  avoid  the  loss  of  mycorrhizal  and  microbial  organisms  in  the 
soil  that  are  necessary  for  the  success  of  reseeded  plants.   Long-term  storage 
of  topsoil  without  vegetative  cover  decreases  the  infection  potential 
significantly  and  therefore  decreases  the  relative  success  of  revegetation 
(Redente  and  Cook  1981). 

Revegetation  of  spent  shale  disposal  piles  and  mine  facilities  sites  after 
topsoil  coverage  would  be  dependent  upon  the  seed  mixtures,  irrigation  rates, 
fertilizer  type  and  rates,  and  short  and  long-term  climatic  conditions. 
Shrubs  seeded  at  tv/ice  the  rate  of  grasses  will  obtain  only  one-quarter  of  the 
total  biomass  of  the  established  stand;  lesser  rates  of  shrubs  will  favor 
grass  dopiinance  (Redente  and  Cook  1981).   Irrigation  and  fertilization  only 
accentuate  this  effect  on  both  favorable  and  rocky  sites. 

i soil  over  spent  shale  piles  may  eventually     la,  e  :poi  :  g  the   . 
material.   Exposed  shale  could  exhibit  a  thin  crust  of  sodium  and  calcium 
sulfate  particularly  during  hot  weather  when  evaporation  rates  are  high 
(Crawford  et  al .  1977). 

Exposed  spent  shale  si.  jected  to  average  erosion  in  Piceance  Basin  might 
contribute  150  pounds  of  salt  per  acre  along  with  three  tons/acre  of  suspended 
material  to  surface  waters  annually  (Crawford  et  al  1977).   Proper  disposal 
pile  location  and  revegetation  practices  should  not  expose  any  spent  shale  by 
erosion  for  several  hundred  years. 
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An  additional  impact  from  spent  shale  exposure  results  from  its  dark  color. 
Exposed  to  direct  sunlight,  spent  shale  can  reach  temperatures  of  149°F 
(Redente  and  Cook  1981).   Such  high  temperatures  would  be  detrimental  to 
seedling  establishment. 

Revegeta'tion  of  spent  shale  without  a  covering  of  suitable  plant  growth  media 
will  require  intensive  management.   Some  problems  of  re   ;.etating  spent  shale 
will  be  dependent  upon  the  retorting  process.   Generally  though,  spent  shale 
will  be  high  in  soluable  salt  content.   If  decarbonized  it  will  be  highly 
alkaline,  if  carbonaceous  it  will  absorb  heat  due  to  its  dark  color,  it  will 
lack  adequate  nitrogen  and  phosphorous,  it  will  have  essentially  no  microbial 
or  mycorrhizal  activity  or  potential,  and  it  will  contain  tract  elements  such. 
as  zinc,  boron,  molybdenum,  and  fluorine  (Crawford  et  al .  1977;  Ilarbert  and 
Berg  1978).   The  texture  of  the  spent  shale  will  also  affect  reclamation.   Its 
texture  will  depend  upon  the  processing  method,  whether  it  is  finely  or 
coarsely  ground  prior  to  retorting.   For  example,  alkali  sacaton,  a  salt 
tolerant  grass,  had  a  better  percent  emergence  for  seedlings  in  a  sandy  loam 
as  opposed  to  a  clay  loam  soil  (Redente  and  Cook  1982). 

If  spent  shale  is  to  be  directly  revegetated,  then  leaching  will  be  required 
to  help  reduce  the  effects  of  alkalinity  and  soluable  salts  (Crawford  et  al . 
1977).   Otherwise,  it  may  take  greater  than  three  to  four  years  of  natural 
weathering  before  vegetation  will  start  to  establish.   Also,  the  chance  of 
failure  is  greater  and  may  require  additional  attempts  at  seeding  and 
fertilizing  (Redente  and  Cook  1981).   Even  after  three  to  four  years  of 
weathering,  unleached  Para ho  spent  shale  will  sCill  be  strongly  alkaline, 
having  a  pll  of  8.8.   PH  levels  could  be  reduced  by  the  addition  of  granular 
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sulfur  which  has  been  proven  to  be  effective  in  decarbonized  shales  (Crawford 
et  al .  1977).   However,  the  high  salt  content  of  spent  shale,  specifically 
from  boron  salts,  could  bring  about  direct  ion  effects  which  may  be 
phototoxic,  (Redente  and  Cook  1981  and  1982). 

Water  from  leaching  may  be  stored  in  the  shale  profile  and,  if  suitable,  could 
be  used  by  plants  for  up  to  two  years  before  being  depleted  (Harbert  and  Berg 
1978).   A  coarse  textured  spent  shale  would  have  a  lower  water  holding 
capacity  (Redente  and  Cook  1981),  IHiereas  a  fine  textured  spent  shale  will 
have  a  higher  erosion  potential  due  to  a  slow  infiltration  rate  (Harbert  and 
Berg  1978).   This  in  turn  could  cause  channeling  and  incomplete  wetting, 
resulting  in  pockets  of  unleached  shale  (Crawford  et  al  1977). 

Unleached  pockets  of  spent  shale  would  increase  the  resalinization  potential 
of  leached  portions  due  to  capillary  action  and  could  kill  or  significantly 
set  back  any  established  perennial  vegetation  (Crawford  et  al  197  7,  Harbert 
and  Berg  1.078).   Studies  are  needed  to  determine  the  effective  Leaching  rate 
for  sites  where  spent  shale  is  to  be  revegetated  based  upon  the  type  of  spent 
shale  and  how  it  was  treated  before  placement  (Harbert  and  Berg  1978). 

Fertilization  will  also  be  necessary  before  adequate  reclamation  of  spent 
shale  can  be  attempted.   Spent  shale  has  an  adequate  content  of  potassium, 
however  it  is  lacking  in  nitrogen  and  phosphorous  (Rendente  and  Cook  1981, 
1982;  Crawford  et  al  1977). 

Mulching  will  also  be  necessary  to  reduce  the  heating  effects  of  the  dark 
colored  carbonized  shales  (Crawford  et  al  1977).   Mulching,  fertilizing  and 
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leaching  will  be  necessary  to  create  a  favorable  microclimate  for  microbial 
and  mycorrhizal  relationships  which  arc  necessary  for  nutrient  cycling  and 
plant  growth.   For  example,  microbial  activity  in  unleached  Paraho  spent  shale 
was  negligible  after  3  years  of  weathering  (Redente  and  Coo,k  1981). 
Therefore,  fertilization  with  nitrogen  and  phosphorous  was  recommended  to 
increase  the  mycorrhizal  potential  of  spent  shale  (Redente  and  Cook  1982) . 

Location  of  Shale  Disposal  Piles 

The  location  o,f  the  spent  shale  disposal  areas  would  dictate  how  rapidly 

topsoil  cover  would  erode  and  expose  the  shale.   Two  possibilities  exist  for 

surface  disposal  of  spent  shale:   1)  deposit  spent  shale  in  gently  sloping 

an  as,  and   2)  deposit  spent  shale  in  the  heads  of  draws,  filling  the  draws  so 

the  only  steep  watershed  is  the  face  of  the  fill  material. 

To  minimize  the  effects  of  erosion,  disposal  sites  should  be  located  in  small 
watersheds  or  ridges  with  sideslopes  of  4  to  1  or  less.   This  is  the  maximum 
slope  at  which  revegetation  success  is  still  good.   Slopes  of  4  to  1  or  less 
should  also  have  control  structures  to  reduce  erosion. 

Monitoring  of  Shale  Disposal  Piles 

Depending  on  state  and  federal  regulations  to  prevent  shale  leachate 
contamination  of  surface  and  groundwaters,  monitoring  may  be  required  for  many 
years  after  mine  productivity  ends.   Such  monitoring  beyond  initial  vegetative 
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establishment  and  reclamation  becomes  less  economical  with  each  additional 
year  of  monitoring  beyond  the  life  of  the  mine.   If,  for  economic  reasons, 
monitoring  should  stop,  then  leachates  could  occur  without;  resolve. 
Consolidation  of  spent  shale  wastes  to  a  solid  rock-like  form  is  recommended 
to  decrease  the  surface  area  of  the  spent  shale  if  it  is  exposed. 
Consolidation  may  initially  cause  an  added  expense  to  disposal  costs. 
However,  this  cost  is  expected  to  be  offset  by  the  dollars  saved  from 
shortened  monitoring  periods.   If,  monitoring  should  cease  for  economic 
reasons,  control  of  leachates  to  protect  Colorado  ground  and  surface  waters 
would  become  the  financial  responsibility  of  the  federal  government. 

Conclusions 

While  a  great  deal  of  research  has  been  done  on  reclamation  and  spent  shale 
disposal,  considerable  work  must  still  be  done  to  assure  successful 
rehabilitation.   The  reclamation  plan  submitted  with  the  Detailed  Development 
Plan  must  be  carefully  examined  and  monitored  to  avoid  unnecessary  and 
potentially  serious  impacts  to  the  site,  to  surface  and  groundwater,  and  to 
the  long-term  productivity  of  the  soil  and  vegetation  on-tract. 

Spent  shale  requires  special  handling  and  treatment  procedures  unique  to  the 
resource,  while  traditional  reclamation  practices  should  be  effective  in 
reclaiming  areas  of  surface  disturbance. 

SUMMARY  OF  SIGNIFICANT  IMPACTS 

The  significant  impacts  described  in  this  chapter  are  summarized  below.   In 

/ 
addition,  mitigation  measures  which  address  some  of  these  impacts  are 
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proposed  in  the  Uncommitted  Mitigation  section.   This  section  is  a  general 
discussion  of  the  impacts  anticipated  for  the  development  alternatives.   Tor  a 
more  detailed  discussion  of  impacts  and  their  magnitude,  refer  to  the 
appropriate  resource  element  in  this  chapter.   A  comparative  summary  of 
impacts  of  each  alternative  is  included  following  each  alternative  described 
in  Chapter  II. 

Adverse  Environmental  Effects  Which  Cannot  Be  Avoided 

Air  Quality  --  Some  pollutants  (primarily  TSP,  N0X  and  SO2)  will  enter  the 

atmosphere  regardless  of  alternative  selected  or  development  scenario. 

However,  compliance  with  state  and  federal  laws  should  keep  these  impacts  to  a 

minimum. 

Geology  —  Depending  upon  the  development  scenario,  some  75  percent  or  more  of 
the  oil  shale  resource  and  associated  minerals  would  probably  be 
unrecoverable.  Currently  unknown  technologies  could  conceivably  recover  more 
of  the  in  place  reserves  in  the  future. 

Floodplains,  Alluvial  Valleys  and  Agricultural  Lands  —  Between  910  and  2,290 
acres  of  agricultural  lands  will  be  converted  to  urban  uses  adjacent  to 
existing  communities  in  Mesa,  Garfield  and  Rio  Blanco  Counties.   Depending  on 
the  alternative  selected  and  the  rate  of  production,  anywhere  from  0.3  to  0.9 
percent  of  existing  agricultural  lands  may  be  urbanized  with  a  corresponding 
decline  in  agricultural  production.   Adequate  land  to  replace  these  impacted 
areas  is  unavailable. 
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Soils  —   Soil  productivity  on  1,200  to  6,000  acres  would  be  reduced  during 
the  life  of  the  mine.   An  undetermined  amount  of  soil  and  plant  nutrients 
would  be  displaced  from  the  mined  tracts  due  to  erosion. 

Hydrology  —  Water  in  the  vicinity  of  the  lease  tract  may  require  treatment 
prior  to  municipal  or  stock  water  vise.   This  is  due  to  incomplete  control  of 
leachate  from  spent  shale  wastes  and  subsurface  retorts,.   In  addition  springs 
may  be  permanently  lost  due  to  mine  dewatering. 

Vegetation  —  Vegetation  on  1,200  to  6,800  acres  would  be  removed  from 
portions  of  the  site  during  the  life  of  the  mine,  but  xvould  be  subsequently 
reclaimed.   Undiscovered  threatened  or  endangered  plants  may  be  destroyed, 
resulting  in  the  potential  loss  of  valuable  biological  data.   A  temporary  loss 
of  125  to  465  AUMs  would  occur  during  the  life  of  the  mine,  depending  on  the 
alternative  and  development  scenario.   Up  to  4,800  acres  of  pinyon- juniper 
woodlands  destroyed  during  mine  development  would  likely  be  permanently  lost 
since  reclamation  v/ould  be  unlikely  to  reestablish  pinyon  and  juniper  trees  to 
pre-dis turbance  levels.   This  loss  would  not  be  serious  in  terms  of  forest 
management,  but  would  be  important  locally  in  terms  of  thermal . cover  loss  for 
mule  deer. 

Wildlife  --  There  would  be  a  temporary  loss  of  1,200  to  6,800  acres  of 
wildlife  habitat  and  animal  production  on  lands  that  would  be  ultimately 
reclaimed.   A  permanent  loss  of  310  to  2,290  acres  of  habitat  .would  result 
from  urban  development  and  road  construction.   Animals  would  also  be  lost  due 
to  increased  vehicle/wildlife  accidents  and  poaching.   The  estimated  annual 
increase  in  vehicle  related  mule  deer  kills  range  from  111  to  2,082  depending 
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on  alternative  and  production  level.   A  reduction  in  habitat  effectiveness  for 
big  game  will  result  from  human  disturbance  due  to  human  population  increases. 
Habitat  loss  and  reduction  in  habitat  effectiveness  would  result  in  a 
reduction  of  mule  deer  carrying  capacity  from  BLM-DOU  population  objectives  by 
151  to  549. 

« 
Cultural  Resources  --  Destruction  or  loss  of  cultural  resources  could  occur  if 

inadvertent  disturbance  to  previously  undetected  subsurface  archaeological 

sites  takes  place  during  construction  associated  with  project  development. 

Possible  vandalism  due  to  increased  human  activity  would  also  be  an 

unavo  i  di  1  le  adve  rs      t .  t.  • 

Paleontological  Resources  —  Many  insects,  plant  and  vertebrate  fossils  could 
be  destroyed  during  the  construction  phase,  because  they  might  not  be  seen  due 
to  their  small  size.   Since  similar  plant  and  insect  fossils  probably  occur  in 
areas  outside  the  sites,  the  loss  would  be  small. 

During  shaft  sinking,  drifting  or  crosscutting,  the  loss  of  vertebrate  fossils 
(especially  well  preserved  fish  fossils)  would  represent  a  greater  loss  to 
science  because  their  salvage  is  practically  impossible  under  these 
conditions  . 

Recreation  —  Direct  impacts  resulting  from  any  of  the  alternatives  include 
the  possible  displacement  of  hunting  and  camping  activities  and  access  on  the 
tracts.   Indirect  impacts  include  the  possibility  for  increased  hunting 
pressure  in  the  area  due  to  increased  local  population  growth.   This  could 
result  in  decreases  in  hunter  success  and  even  hunting  opportunities  if  a 
permit  system  is  implemented  by  the  Colorado  Division  of  Wildlife. 


Socioeconomic  —  Significant  impacts  vary  according  to  the  rate  of  production 
and  the  number  of  employees  required.   These  include  demands  on  local  public 
and  private  resources  for  new  housing  and  other  capital  improvements, 
competition  for  labor  disadvantageous  to  local  agriculture  and  business,  and 
local  inflation.   Also  lost  would  be  the  lifestyles  and  values  associated  with 
the  small  ranching  towns  that  will  grow  into  larger  communities  with  a  more 
diverse  population,  economy  and  power  structure. 

Transportation  —  Increases  in  traffic  on  local  roads  will  result  in  more 
accidents,  fatalities  and  road  repair  costs  which  will  vary  with  the  number  of 
employees  and  the  amount  of  production  of  each  alternative. 

Noise--  The  increased  truck  traffic  between  the  proposed  tracts  and  Rifle 
would  result  in  increased  noise  levels.   This  could  be  a  significant  impact 
only  to  residences  located  within  500  feet  of  the  road  under  the  Combined 
ternative  with  a  high  production  cate. 

Existing  Rights  --  Public  water  reserves  may  be  permanently  lost  due  to  mine 
dewatering. 

Surface  Reclamation  and  Solid  Waste  Disposal  --  Exposure  of  surface  disposal 
piles  is  unavoidable.   The  location,  design,  compaction  and  natural 
cementation  of  the  wastes  would  determine  the  degree  of  impact.   Upon  approval 
of  abandonment  of  mine  facilities,  monitoring  and  maintenance  of  waste 
disposal  piles  may  become  the  responsibility  of  the  Federal  Government. 
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The  Relationship  Between  Short-Term  Uses  of  the  human  Environment  and  the 
Maintenance  and  Enhancement  of  Long-Term  Productivity 

Air  Quality  —  Air  pollution  during  the  life  of  the  mine  may  result  in 
cumulative,  long-term  impacts  to  human  health  and  vegetation.   While 
short-term  effects  are  thought  to  be  insignificant,  not  enough  is  known  about 
the  long-term  effects  of  air  pollution  to  accurately  predict  their  impact. 

Geology  —  Recovery  of  oil  shale  and  associated  sodium  minerals,  using  present 
technology  in  the  short-term,  could  result  in  a  permanent  loss  of  75  percent 
or  more  of  the  resources.   This  is  due  to  the  potential  of  developing  new 
technologies  in  the  future  that  may  be  more  efficient  at  resource  recovery. 

Floodplains,  Alluvial  Valleys  and  Agricultural  Lands  —  Conversion  of  910  to 
2,290  acres  of  agricultural  land  to  urban  use  as  communities  expand  will 
result  in  the  long-term  loss  of  the  lands'  agricultural  productivity. 

Soils  —  Soil  productivity  lost  on  1,200  to  6,800  acres  during  the  mine  life 
should  be  restored  to  pre-disturbance  levels  with  proper  reclamation 
practices.   The  exception  could  be  on  up  to  2,000  acres  of  spent  shale 
disposal  piles  where  limited  soil  cover  may  be  a  less  productive  medium. 

Hydrology  --  Short-term  impact  to  the  surface  and  groundwater  resoruces  could 
occur  as  a  result  of  mine  dewatering.    Flow  of  the  White  River  at  the 
confluence  with  the  Green  River  will  be  reduced  by  approximately  four  percent 
for  full  development  of  100,000  bbls/day  production,  two  percent  for  50,000 
bbls/day  production,  and  one  percent  for  25,000  bbls/day  production  per  year 
for  the  short-term.   Salt  loads  to  the  White  River  would  be  reduced  over  the 
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short-term.   However  recovery  of  the  groundwater  and  surface  water  systems 
should  recover  once  mine  dewatering  closes. 

Vegetation  —  Vegetation  on  1,200  to  6,800  acres  would  be  lost  through  surface 
disturbance  in  all  alternatives,  varying  by  development  scenario.   In  the 
long-term,  lands  impacted  under  the  direct  mining  with  surface  retort  or  mine 
assisted  in-situ  methods  should  return  to  their  potential  productivity  and 
natural  condition  with  the  possible  exception  of  vegetation  on  2,000  acres  of 
spent  shale  piles.   Lands  impacted  under  the  true  in-situ  method  should  return 
to  a  condition  where  forage  production  would  probably  be  increased  over  the 
existing  productivity  levels,   The  potential  loss  of  undiscovered  rare  or 
sensitive  plants  may  result  in  their  becoming  threatened  or  endangered  as  more 
surface  disturbance  in  the  area  occurs.   Short-term  loss  of  AUMs  will  be 
compensated  by  long-term  increases  in  forage  productivity  and  potentially  more 
AUMs  following  successful  revegetation  of  the  disturbed  areas.   Pinyon- juniper 
woodlands  disturbed  during  the  life  of  the  project  could  be  reclaimed  to 
existing  levels  of  productivity  within  50  to  75  years.   Natural  regeneration 
would  take  up  to  100  to  150  years. 

Wildlife  —  Urban  development  and  construction  of  new  road  systems  could  cause 
a  permanent  loss  of  wildlife  habitat  on  310  to  2,290  acres.   Reclamation  may 
not  adequately  replace  wildlife  thermal  cover  or  preferred  browse  of  similar 
type,  equal  in  quantity  and  quality  to  that  destroyed  or  affected. 
Seventy-five  to  150  years  may  be  required  before  adequate  rees tablishment  of 
pinyon- juniper  or  other  overs tory  vegetation  occurs  to  winter  range.   A 
permanent  human  population  increase  would  result  in  continuous  secondary 
off-tract  impacts  to  the  wildlife  resource.   Although  unquantif iable ,  these 
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consequences  indicate  a  decline  in  wildlife  populations,  habitat  condition, 
and  quantity  of  habitat  available  in  the  long-term. 

Cultural  Resources  --  The  majority  of  impacts  to  cultural  resources  could 
occur  as  a  result  of  surface  disturbance  from  oil  shale  development.   If 
destruction  of  cultural  sites  results,  this  would  create  a  permanent  loss  of 
data. 

Paleontological  Resources  —  Loss  of  paleontological  resources .through  surface 
and . subsurface  disturbance  would  significantly  affect  the  scientific  value  of 
the  resource  in  the  long-term  if  steps  are  not  taken  to  salvage  exposed 
fossils.   If  left  unprotected,  they  would  eventually  be  lost  through 
weathering  or  vandalism.   This  is  especially  true  of  the  vertebrate,  rare 
plant  and  late  Eocene  insect  fossils. 

Recreation  —  As  game  animal  populations  are  reduced,  so  are  the  hunting 
opportunities  that  provide  the  greatest  recreation  in  the  area.   The  degree  of 
impact  resulting  from  any  of  the  alternatives  would  affect  a  relatively  small 
part  of  the  total  opportunities  in  the  region. 

Socioeconomics  --  Almost  all  of  the  negative  socioeconomic  impacts  would  be 
short-term  in  nature:  overloaded  services  and  facilities,  housing  shortages, 
overworked  police,  overcrowded  classrooms,  increases  in  crime,  alcoholism, 
mental  illness,  etc.   In  the  long-term,  many  of  these  problems  would  give  way 
to  beneficial  effects  such  as  housing  and  infrastructure  improvements,  growth 
and  diversification  of  local  retail  trade  and  services,  and  an  easing  of  the 
social,  psychological  and  structural  strains  associated  with  rapid  growth. 
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Transportation  —  Increased  road  use,  especially  from  mineral  product  haul 
trucks,  would  significantly  increase  highway  damage  and  costs  to  taxpayers  in 
the  long-term. 

Existing  Rights  —  During  the  life  of  the  mine,  public  water  reserves  may  be 
lost  due  to  mine  dewatering.   Oil  and  gas  lease  holders. may  be  denied  access 
to  their  leases,  effectively  postponing  oil  and  gas  development  on  tract  until 
the  end  of  mine  life.   Some  pipelines  and  road  rights-of-way  may  be 
permanently  relocated  due  to  mining  and  waste  disposal  activities. 

Surface  Reclamation  and  Solid  Uaste  Disposal  —  If  suitable  plant  growth 
material  is  not  used  to  cover  spent  shale  to  a  depth  suitable  for  plant 
growth,  then  reclamation  of  spent  shale  disposal  piles  could  take 
significantly  more  time  and  effort  to  achieve  a  stable  and  acceptable 
vegetative  cover.   If  a  suitable  depth  of  plant  growth  material  is  not 
obtained;  then  long-term  establishment  of  mature  shrub  and  pinyon- juniper 
species  may  be  impossible  due  to  their  rooting  depth  requirements. 

Short-term  reclamation,  under  the  true  in-situ  scenario,  may  be  intensive  due 
to  its  widespread  disturbance.   However,  long-term  reclamation  will  be  less 
difficult  than  for  the  other  mining  and  retorting  methods  due  to  the  absence 
of  surface  waste  disposal  piles.   Surface  waste  disposal  piles  may  be 
reclaimed  in  the  short-term,  however  with  average  erosion  rates,  areas  of 
established  vegetation  will  decrease  as  the  pile  becomes  exposed  over  the 
long-term. 
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Introduced  species  in  the  seed  mixtures  will  dominate  reclaimed  areas  in  the 
short-term  as  long  as  fertilizer  and  irrigation  is  utilized  to  establish 
vegetation  cover  under  standard  reclamation  practices.   However,  as  the 
fertilization  and  irrigation  is  discontinued,  native  species  will  start  to 
dominate  the  reclaimed  areas  over  the  long-term. 

Irreversible  or  Irretrievable  Commitments  of  Resources 

Air  Quality  --  Some  degradation  of  air  quality  will  be  irreversible  due  to 

established  urbanization  in  the  area  after  closure  of  the  oil  shale 

facilities. 

Geology  --  Under  the  direct  mining  and  surface  retorting  development  scenario, 
72  percent  of  the  oil  shale,  and  undetermined  quantities  of  the  nahcolite  and 
dawsonite  would  possibly  be  left  unrecovered.   Mine  assisted  in-situ  and  true 
in-situ  processing  could  probably  result  in  even  piore  resources  being 
irretrievably  lost. 

Floodplains,  Alluvial  Valleys  and  Agricultural  Lands  —  Urbanization  of 
agricultural  lands  is  permanent  and  results  in  an  irretrievable  loss  of 
agricultural  production  from  those  lands. 

Soils  --  Soil  and  nutrients  lost  to  erosion  while  sites  are  disturbed  would  be 
irretrievable.   The  amount  of  soil  lost  is  related  to  the  amount  of  area 
disturbed  under  each  alternative  and  development  scenario,  and  the  success  of 
erosion  contro]  onsite. 
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Hydrology  —  Loss  of  some  springs,  and  wells  due  to  mine  dewatering  may  be 
irreversible.   Water  quality  degradation  due  to  leachates  would  likely  be 
irreversible.  Mixing  of  the  upper  and  lower  aquifers  through  subsurface  and 
mine  dewatering  retorting  in  the  Mahogany  Zone  could  be  irreversible. 

Vegetation  —  The  potential  loss  of  biological  data  from  undiscovered 
threatened,  endangered  or  sensitive  plants  would  be  irretrievable.   While  the 
vegetation  productivity  would  be  restored  through  reclamation  at  the  end  of 
mine  life,  the  loss  of  125  to  465  AUMs  annually  during  mine  life  would  be 
irretrievable . 

Wildlife  --  Wildlife  habitat  lost  on  310  to  2,290  acres  due  to  urban  expansion 
and  road  construction  would  be  irretrievably  lost. 

Cultural  Resources  ■ —  Destruction  of  cultural  resources  would  result  in  an 
irretrievable  loss  of  additional  information  to  the  existing  scientific  data 
base . 

Paleon tological  Resources  —   The  paleon tological  resources  arc  non-renewable; 
once  lost  or  destroyed  they  are  irretrievable.   It  is  important  that  at  least 
a  representative  sample  of  the  fossil  record  be  preserved. 

Recreation  —  Loss  of  recreation  opportunities  are  tied  to  the  loss  of  game 
wildlife  habitat.   The  irretrievable  loss  of  habitat  to  urban  expansion  and 
r.oads  would  result  in  a  permanent  loss  of  hunting  opportunities.  Total 
irreversible  losses  would  be  relatively  minor,  however. 
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Socioeconomics  —  As  agricultural  land  is  irretrievably  converted  for  urban 
expansion,  $800,000  to  $1,500,000  of  annual  crop  production  could  be 
permanently  lost.   Economic  resources  would  be  irretrievably  committed  to  the 
construction  of  houses,  capital  improvements,  and  commercial,  industrial  and 
public  structures.   Power  structure  shifts  are  generally  irreversible,  as  are 
the  changing  lifestyles  and  values  of  the  communities  originally  built  on  a 
western  rural  cultural  base. 

Transportation  —  Increased  use  of  the  highways  would  result  in  increased 
traffic  accidents,  fatalities  and  property  loss  proportionate  to  the  rate  of 
production  undei  any  alternative. 

Possible  Conflicts  With  The  Objectives  of  Federal,  Regional,  State  and  Local 
Land  Use  Plans,  Policies  and  Controls  for  the  Area 

None  of  the  proposed  alternatives  would  directly  conflict  with  the  land  use 
plans  of  any  other  agency  or  governmental  entity  with  jurisdiction  in  the  area 
concerned.   Permitting  and  other  controls  are  established  at  the  Federal, 
State  and  local  levels  that  must  be  complied  with. 

Minor  adjustments  to  the  Bureau  of  Land  Management's.  Allotment  Management  Plan 
for  the  Square  S  Allotment  will  be  required.   The  existing  Management 
Framework  Plan  for  the  White  River  Resource  Area  provides  for  such  adjustments 
in  potential  oil  shale  lease  areas. 

Mitigation  Measures  That  Could  Further  Ameliorate  The  Anticipated  Impacts  But 
Are  Not  Required  By  BLM  (Uncommitted  Mitigation) 
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Air  Quality  —  Residual  air  quality  impacts  could  be  mitigated  through 
additional  control  of  emissions  from  existing  sources.   Increased  study  of 
pollution  impacts  to  Air  Quality  Related  Values,  and  additional  background 
monitoring  to  better  assess  regional  impacts  would  assist  in  better 
understanding  of  air  quality  problems  associated  with  oil  shale  development  in 
the  Piceance  Basin. 

Geology  --  Since  the  proposed  tracts  are  located  over  the  richest  resources  in 
the  Piceance  Basin,  mining  could  be  postponed  until  proven  mining  technology 
could  recover  more  of  the  in  place  reserves  than  existing  technology.   While 
such  technology  development  is  unlikely  in  the  near  future,  improved 
processing  techniques  may  eventually  evolve. 

Floodplains,  Alluvial  Valleys  and  Agricultural  Lands  —  In  order  to  direct 
urban  expansion  away  from  agricultural  lands,  public  lands  adjacent  to 
communities  could  be  designated  for  disposal  to  be  used  for  this  purpose. 
Local  planning  and  zoning  is  the  best  tool  to  control  agricultural  land 
conversion,  and  should  be  utilized  by  local  governments  where  this  is  a 
problem . 

Surface  disturbing  activities  should  avoid  identified  alluvial  valleys  and 
floodplains . 

Soils  —  A  minimum  of  24  inches  of  suitable  plant  growth  material  should  be 
placed  on  all  spent  shale  disposal  piles  to  ensure  that  soil  productivity 
could  be  returned  to  pre-disturbance  levels. 
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Hydrology  —  Leaching  of  spent  shale  wastes  prior  to  backfilling  or 
abandonment  of  subsurface  retorts  will  reduce  the  potential  effects  of  toxic 
leachates  for  the  long-term.   Grouting  or  filling  of  the  subsurface  retorts 
and  backfilling  areas  with  an  insoluable  material  would  decrease  the  potential 
for  leachates  in  the  hydrologic  systems. 

Springs  and  public  water  reserves  on  and  off-tract  should  be  monitored  to 
determine  the  effect  of  mine  dewatering. 

Through  proper  site  selection,  retorts  could  be  placed  within  the  Mahogany 
Zone  leaving  a  sufficiently  thick  Layer  of  strata  between  aquifers.   By 
isolating  the  retorts  in  this  layer  of  relatively  impermeable  strata,  the  rate 
of  leachate  transport  would  be  reduced. 

A  zero  discharge  policy  similar  to  that  in  effect  on  Tracts  C-a  and  C-b  should 
be  adopted  on  any  new  lease  tract. 

Vegetation  --  Additional  field  surveys  for  threatened,  endangered  or  sensitive 
plant  species  should  be  conducted  prior  to  any  surface  disturbing  activities. 
Avoidance  of  any  identified  threatened  or  endangered  plant  species  locations 
and  pinyon- juniper  woodlands  by  relocating  surface  facilities  is  recommended. 

Wildlife  —  A  proven  method  of  mitigating  wildlife  impacts  on  a  regional  basis 
has  been  to  establish  an  "industrial  association"  among  the  affected 
government  agencies  (BLM,  MMS ,  DOW  and  USFUS),  the  lessee(s),  C-a,  C-b  and 
other  energy  development  companies  in  Piceance  basin.   The  objectives  of  this 
association  could  include  but  are  not  limited  to: 
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(1)  Provide  an  avenue  for  coordination  between  involved  companies  and 
agencies  to  prevent  duplication  of  required  efforts  in  compliance  with 
environmental  stipulations  of  the  Oil  Shale  Lease. 

(2)  Initiate  a  team  effort  to  identify  adverse  impacts  and  mitigation  of 
cumulative  consequences  to  the  wildlife  resource  from  development. 

For  example,  environmental  stipulations  of  the  lease  require  each  lessee  to 
monitor  and  mitigate  impacts  caused  by  their  actions  to  the  wildlife  resource. 
This  indicates,  in  theory,  that  each  company  would  be  required  to  monitor  and 
mitigate  mule  deer/vehicle  accidents.   Instead  of  each  company  performing  the 
same  efforts,  are  association  could  develop  a  cooperative  agreement  between 
the  companies  to  divide  up  equal  segments  of  the  major  road  segments  and 
assign  individual  companies  to  monitor  them.   This  data  could  then  be  compiled 
together  to  evaluate  mule  deer/vehicle  accidents  on  a  large  scale  basis  over 
the  entire  area  impacted. 

This  example  would  also  apply  to  other  cumulative  impacts  where  the  actions  of 
each  company  contribute  to,  but  are  not  solely  responsible  for,  the  impacts. 
Once  these  impacts  have  been  identified,  they  can  also  be  mitigated  in  a 
similar  cooperative  fashion. 

(3)  Establish  a  trust  fund  to  finance  field  surveys,  research  projects  and 
mitigation  efforts.   This  would  equally  distribute  costs  among  companies 
involved  when  monitoring  and  attempting  to  mitigate  cumulative  impacts. 
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(4)  Allow  interchange  of  equipment,  technology  and  information  between 
companies  for  monitoring  and  mitigation  of  impacts  to  the  wildlife  resource. 

Implementation  of  uncommitted  mitigation  would  reduce  the  amount  of  poaching 
which  occurs  during  travel  of  employees  to  and  from  work.   Mass  transportation 
of  employees  would  decrease  the  total  quantity  of  vehicle/wildlife  accidents, 
especially  noticeable  for  mule  deer.   Improved  technology  and  better 
coordination  of  mitigation  efforts  from  establishment  of   an  industrial 
association  would  significantly  reduce  site  specific  and  cumulative  impacts  to 
the  wildlife  resource  from  oil  shale,  multiple  mineral,  and  other  energy 
development  in  Piceance  Basin. 

Cultural  Resources  —  A  monitoring  program  to  observe  the  effects  of 
subsidence  on  cultural  resources  could  provide  data  which  could  be  used  to 
protect  cultural  sites  in  the  future. 

Paleontological  Resources  --  To  further  evaluate  the  quality  and  extent  of  the 
paleontological  resources  in  the  area,  it  is  recommmended  that  an  intensive 
paleontological  survey,  especially  of  Tongue  5  of  the  Uinta  Formation,  be 
conducted  to  locate  small,  hard  to  see,  insect  and  rare  plant  fossils,  along 
with  the  larger  vertebrate  fossils. 

Recreation  —  Assure  continued  hunter  access  along  the  Yellow  Creek  Jeep 
Trail.   This  would  allow  recreation  access  to  a  large  area  of  hunting  outside 

of  the  tracts  that  might  otherwise  be  closed  by  leasing  Tract  C-18. 
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Socioeconomic  —  Federal  contributions  to  mitigation  of  economic  and  social 
impacts  brought  about  by  Federal  leasing  and  land  ownership  take  the  form  of 
monies  returned  to  the  State.   Specific  spending  and  distribution  decisions 
are  properly  left  to  the  State,  County,  and  community  levels.   One  principle 
source  is  the  Oil  Shale  Trust  Fund,  which  goes  to  the  State,  which  in  turn 
distributes  funding  among  competitive  grant  applicants  from  the  local  level. 
The  Federal  government  also  returns  50  percent  of  all  mineral  royalties  to  the 
State.   In  Colorado,  the  state  redistributes  50  percent  of  these  funds  to  the 
affected  local  areas  (up  to  a  limit  of  $800,000  per  county).   Local 
governments  also  receive  funds  as  Payment  in  Lieu  of  Taxes  (PILT)  in  counties 
containing  large  proportions  of  federal  lands. 

Severance  funds  imposed  by  the  state  can  also  be  used  for  economic  and  social 
mitigation;  and  towns  and  counties  have  authority,  in  addition,  to  impose 
zoning,  tax  prepayments,  and  other  negotiable  regulations  upon  industries  for 
these  purposes. 

Local  authorities,  local  organizations,  interested  citizens,  and  industries 
can  take  many  actions  to  alleviate  economic  and  social  impacts,  including 
tapping  into  the  funding  sources  described  above.   Some  suggestions  for  such 
participation  in  mitigation  are  discussed  below.   Others  can  be  found  in  the 
Green  River/Hams  Fork  Final  Coal  LIS  (1980). 

Preparation  for  economic  impacts  requires  lead  time.   Local  governments, 
highway  departments,  etc.  must  be  informed  of  new  plans  and  changes  in  plans 
by  companies  and  federal  agencies  sufficiently  far  in  advance  to  allow 
construction  of  additional  facilities  ahead  of  the  demand  (or  cancellation  of 
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the  preparations  before  they  are  irretrievably  committed).  Likewise,  timing 
of  federal  actions  so  that  they  do  not  occur  at  the  same  time  as  other  large 
private  or  public  developments  would  keep  local  population  growth  rates  from 
becoming  excessive. 

Numerous  steps  can  be  taken  to  provide  financial  assistance,  but  many  would 
require  legislation.   Measures  to  allow  prepayment  of  ad  valorem  taxes 
(already  passed  by  the  State  Legislature),  raise  severance  taxes,  share 
revenues  between  benefitting  and  impacted  jurisdictions,  and  require  impact 
assistance  by  private  industry  would  provide  front-end  funding  for  capital 
improvements  and  ease  pressure-:  on  operating  budgets.   Federal  aid  programs 
could  be  increased,  and  jurisdictions  at  all  levels  could  augment  the  private 
capital  resources  available  for  local  housing  and  business  investment'. 

All  of  these  efforts  will  be  more  effective  when  they  are  carried  out 
cooperatively  by  all  the  public  and  private  interests  involved. 

Social  impacts  are  more  difficult  to  mitigate;  however,  some  potential 
measures  are  recommended:   under  some  conditions,  provision  for  housing 
especially  for  single  transient  workers  can  be  made  near  a  mine  site  through  a 
trailer  park  including  recreational  vehicle  spaces  (if  state  or  county 
policies  permit).   In  such  instances,  adequate  eating  and  recreational 
facilities  would  need  to  be  included. 

Social  services  agencies  typically  have  low  priority  in  funding,  but  these  are 
among  the  most  important  mitigators.  In  western  Colorado,  these  agencies  have 
formed  county  and  Regional  Human  Resources  Councils  aimed  at  identifying  local 
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human  services  needs,  gaps  in  •  fulfillment  of  these,  sharing  ideas  for  better 
v/ays  of  serving  their  communities,  and  obtaining  funding  especially  in  the 
face  of  cuts  in  federal  monies.   Communities  could  call  on  those  councils  and 
their  member  agencies  for  information  and  guidance  in  meeting  services 
delivery  needs,  and  could  be  more  strongly  committed  to  funding  these  less 
tangible  but  no  less  essential  services  along  with  allotting  money  for  the 
more  visible  needs  such  as  street  paving  and  sewer  expansion. 

Efforts  could  be  made  to  identify  and  welcome  new  arrivals  to  the  communities 
(for  instance,  through  cooperation  with  hiring  officials),  and  to  get  them 
involved  in  community  activities,  particularly  housewives,  to  counter  the 
loneliness  and  isolation  typical  of  new  citizens.   Some  northwest  Colorado 
Human  Resources  Councils  have  put  together  community  resources  booklets  for 
distribution  to  newcomers  and  these  help  new  families  become  socially 
oriented.   A  social  outreach  program  has  been  started  in  Garfield  County  and 
this  type  of  project  is  very  helpful.   Churches  and  clubs  have  many 
opportunities  to  encourage  participation  and  otherwise  to  wake  transients  and 
new  residents  feel  at  home. 

As  identified  earlier,  energy  development  produces  both  winners  and  losers.  An 
effort  must  be  made  to  identify  these  groups.   Communities  could  then  examine 
the  social  change  processes  and,  understanding  these,  could  seek  to  direct 
them  so  as  to  minimize  adverse  impacts  and  maximize  benefits. 

-  Transportation  —  Increased  traffic  congestion,  accidents,  property  loss  and 
damage  costs  could  all  be  reduced  if  transportation,  other  than  highway 
trucking  were  utilized.   Other  systems  include  overland  conveyors,  railroads 
and  pipelines.   If  a  highway  trucking  system  is  utilized  the  above  effects 
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could  be  minimized  by  increasing  the  capacity  of  existing  roads.   A 
combination  of  transportation  systems  would  probably  be  most  effective.   For 
example,  shipping  all  shale  oil  and  liquids  by  pipeline,  shipping  all  sodium 
and  alumina  minerals  by  rail  and  increasing  road  traffic  capacity  between 
Rifle  and  Rio  Blanco  and  Rio  Blanco  and  the  proposed  tracts. 

Noise  —  Noise  from  increased  truck  traffic  could  be  reduced  if  other  means  of 
transportation  were  utilized.   Other  systems  include  overland  conveyors, 
railroads  and  pipelines.   Obviously,  these  other  forms  of  transportation  would 
create  their  own  noise  and  the  effects  would  depend  upon  the  locations.   From 
a  noise  emission  standpoint,  a  slurry  pipeline  would  be  preferred. 

Existing  Rights  —  Mine  facilities  should  be  designed  to  minimize  impacts  to 
existing  right s-of--way,  public  water  reserves,  and  oil  and  gas  leases. 

Surface  Reclamation  and  Solid  Waste  Disposal  —  Studies  should  be  conducted  on 
how  the  retort  process  can  effectively  be  used  to  decrease  toxicity  of  shale 
wastes  and  thereby  decrease  reclamation  costs  and  monitoring.   An  economic 
assessment  should  also  be  conducted  to  compare  the  cost  of  backfilling  and 
compaction  with  the  costs  of  obtaining  enough  plant  growth  material  to  cover 
surface  waste  disposal  piles  and  the  cost  of  the  additional  reclamation  area. 
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CHAPTER  V 

CONSULTATION  AND  COORDINATION 

In  the  course  of  preparing  this  analysis,  several  other  agencies  at  all  levels 
of  government  were  consulted  formally  and  informally.   The  following  is  a 
brief  discussion  of  those  efforts,  and  the  results. 

Formal  Consultation 

This  is  consultation  that  is  required  by  regulations  to  formally  involve 
agencies  with  specific  expertise  in  the  environmental  impact  statement 
process.   At  this  level  of  analysis,  most  of  these  requirements  do  not  apply, 
since  a  specific  project  development  is  not  proposed.   Steps  will  be  taken  to 
secure  formal  consultation  on  floodplains,  water  resources,  wetlands,  and 
cultural  resources  at  the  time  the  detailed  development  plan  is  submitted  to 
the  Minerals  Management  Service  after  any  leasing  of  tracts  takes  place. 

[nteragency  consultation  was  initiated  v/ith  the  U.S.  Fish  and    I  lid       /Ice 
(USFWS)  for  threatened  and  endangered  species  based  on  the  requirements  of  the 
Endangered  Species  Act.   BLM  has  submitted  a  biological  assessment  based  on 
the  USFWS  list  of  threatened  and  endangered  species  which  occur  on  or  near  the 
project  area.   The  biological  opinion  indicates  that  oil  shale  leasing  xvould 
not  affect  threatened  and  endangered  species  or  their  habitat.   however, 
development  of  these  leases  has  the  potential  of  impacting  the  endangered 
Colorado  squawfish  in  the  White  River.   USFWS  provided  a  recommendation  that 
additional  interagency  consultation  be  required  when  the  detailed  development 
plan  is  submitted  and  anytime  thereafter  if  significant  modifications  of  the 
detailed  development  plan  occur.   This  recommendation  was  Included  a:; 
committed  mitigation. 


Consultation  with  the  SCS  was  completed  for  prime  and  unique  farmlands  via 
telephone  conversation.   Information  from  the  Soil  Survey  of  Rio  Blanco  County 
Area  (SCS  1982,  in  press)  indicating  that  no  prime  or  unique  farmlands  are 
present  within  the  tract  boundaries  was  discussed  with  the  State 
Conservationist.   Based  on  this,  SCS  made  a  recommendation  that  a  statement  be 
included  stating  the  absence  of  prime  and  unique  farmlands  and  document  the 
data  source.   This  statement  is  included  and  this  action  has  been  determined 
by  SCS  to  adequately  fulfill  the  consultation  requirements  for  this  resource. 
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initiated . 

Coordination 

The  State  of  Colorado  has  been  involved  from  the  beginning  of  the  process  in 
reviewing  the  alternatives  to  be  addressed,  providing  scoping  comments  and 
reviewing  portions  of  the  analysis.   In  addition  to  the  State  Clearinghouse, 
several  individual  agencies  were  involved,  and  are  listed  in  the  Distribution 
List  at  the  beginning  of  this  document. 

Rio  Blanco  County  has  been  involved  as  well,  including  the  County 
Commissioners  being  briefed  on  the  alternatives  to  be  addressed,  staff 
reviewing  of  portions  of  the  analysis,  and  participation  in  the  scoping 
process . 

The  Minerals  Management  Service,  Oil  Shale  Office  in  Grand  Junction,  Colorado, 
has  provided  valuable  technical  assistance  and  review  throughout  the  process. 


They  will  continue  to  be  consulted  on  the  technical  aspects  of  oil  shale 
development  and  its  consequences. 

The  Regional  Oil  Shale  Team,  an  advisory  group  comprised  of  representatives  of 
the  governors  of  the  oil  shale  states  (Colorado,  Wyoming  and  Utah)  and  the  BLM 
State  Directors  of  those  states,  formally  reviewed  the  alternatives  to  be 
assessed  and  recommended  their  approval  by  the  Bureau.   They  will  continue  to 
provide  an  advisory  role  through  the  remainder  of  the  process. 

Other  federal  agencies  have  been  contacted  throughout  the  process,  and  their 
review  of  the  Draft  EIS  was  of  great  benefit.   These  agencies  are  listed  in 
the  Distribution  List  at  the  beginning  of  this  document. 

Agencies  at  all  levels  of  government  that  commented  on  the  Draft  EIS  are 
listed  in  Part  2,  Comments  on  the  Draft.   Their  letters  have  been  reprinted  in 
that  section  as  well. 

Scoping 

On  February  24,  1982,  a  Federal  Register  notice  was  issued,  announcing  public 
scoping  meetings  and  requesting  written  comments  on  >;he  scope  of  the  EIS 
within  30  days.   Several  letters  were  received  from  organizations  and 
individuals  identifying  issues  that  should  be  addressed  in  the  document.   In 
addition,  public  meetings  were  held  in  Meeker,  Colorado  on  March  2A,  1982, 
Grand  Junction  on  March  25,  1982,  and  Denver  on  March  26,  1982. 

The  results  of  these  meetings  were  primarily  in  the  form  of  issues  and 
concerns  presented  by  the  public,  and  these  have  been  summarized  and  listed  in 
Chapter  I,  Issues  and  Concerns.   Both  those  issues  that  have  been  addressed, 
and  those  that  were  beyond  the  scope  of  the  document  are  listed. 
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APPENDIX  A 

OIL  SHALE  LEASE  AND  ENVIRONMENTAL  STIPULATIONS 

In  consideration  of  the  mutual  promises,  terms  and  conditions  contained  here- 
in, and  the  grant  made  hereby,  this  lease  is  entered  into  on    ,  to  be 

effective  on ,  ,  (hereinafter  called  the  "Effective  Date"),  by 

the  United  States  of  America  (hereinafter  called  the  "Lessor"),  acting  through 
the  Bureau  of  Land  Management  (hereinafter  called  the  "Bureau")  of  the  Depart- 
ment of  the  Interior  (hereinafter  called  the  "Department"),  and  , 

(hereinafter  called  the  "Lessee"),  pursuant  and  subject  to  the  terms  and  pro- 
visions of  the  Mineral  Leasing  Act  of  February  25,  1920  (41  Stat.  437),  as 
amended  (30  U.S.C.  Sec.  131-263)  (hereinafter  called  the  "Act"),  and  to  the 
terms  and  conditions,  and  requirements  of  all  regulations  promulgated  by  the 
Secretary  of  the  Interior  (hereinafter  called  the  "Secretary")  in  existence 
upon  the  Effective  Date  specifically  including,  but  not  limited  to,  the  regu- 
lations in  30  CFR  part  231  and  43  CFR  Part  23  and  Group  3000,  all  of  which  are. 
incorporated  herein  and,  by  reference,  made  a  part  hereof. 

Section  1.   Definitions .   As  used  in  this  lease: 

(a)  "Oil  Shale"  means  a  fine-grained  sedimentary  rock  containing:  (1)  organ- 
ic matter  which  was  derived  chiefly  from  aquatic  organisms  or  waxy  spores  or 
pollen  grains,  which  is  only  slightly  soluble  in  ordinary  petroleum  solvents, 
and  of  which  a  large  proportion  is  distillable  into  synthetic  petroleum,  and 
(2)  inorganic  matter  which  may  contain  other  minerals.  This  term  is  applic- 
able to  any  argillaceous,  carbonate,  or  siliceous  sedimentary  rock  which, 
through  destructive  distillation  will  yield  synthetic  petroleum.  The  products 
of  Oil  Shale  include  both  shale  oil  and  other  minerals,  including,  but  not 
limited  to,  nahcolite  and  dawsonite; 

(b)  "Leased  Lands"  means  situated  in  the  County 

of  Rio    anco,  Slate  of  Colorado  containing  acres,  more  or  I 

(c)  'Leased  Deposits"  means  all  deposits  of  Oil  Shale  lying  within  or  under 
the  Leased  Lands; 

(d)  "Anniversary  Date"'  means  the  anniversary  of  the  Effective  Date  of  this 
lease;  however,  if  operations  under  this  lease  ace  suspei  I  id  pursuant  to 
section  39  of  the  Act  (30  U.S.C.  Sec.  209),  the  next  Anniversary  Date  of  this 
I  tse  after  the  suspension  shall  follow  the  previous  Anniversary  Date  by  a 
period  of  time  equal  to  the  sum  of  one  year  and  the  period  of  suspension,  and 
subsequent  Anniversary  Dates  will  be  measured  from  that  Anniversary  Date; 

(e)  "Lease  Year"  means  the  period  of  time  between  two  successive  Anniversary 
Dates  of  this  lease; 

(f)  "Ton"  means  a  measure  of  weight  of  2,000  pounds  avoirdupois; 

(g)  "Mining  Supervisor"  means  the  appropriate  mining  supervisor  of  the  United 
States  Minerals  Management  Service  defined  as  the  U.S.  Geological  Survey  in  30 
CFR  231.2(c); 

(h)  "Commercial  Quantities"  means  quantities  sufficient  to  provide  a  return 
after  all  variable  costs  of  production  have  been  met;  and 


(i)  "Integrated  production"  means  orderly,  concurrent,  sequential  mining  and 
processing  (production)  of  all  portions  of  the  leased  deposits,  i.e.,  shale 
oil  and  gas,  nahcolite,  and  dawsonite,  according  to  the  development  schedule 
contained  in  the  approved  Detailed  Development  Plan  as  required  in  Section 
10(a).  Non-integrated  production  implies  preferential  development  of  some  of 
the  minerals  in  the  leased  deposits  based  on  justifiable  economic,  technical, 
and  environmental  considerations  that  temporarily  preclude  concurrent 
processing . 

Section  *2.  Grant  to  lessee.  (a)  The  Lessee  is  hereby  granted,  subject  to 
the  terms  of  this  lease,  the  exclusive  right  and  privilege  to  prospect  for, 
mine  by  underground  or  surface  means  and  process  by  i  orting  or  by  in-situ 
methods  or  otherwise,  as  he  may  reasonably  choose,  and  in  accordance  with 
approved  plans  utilize  and  dispose  of  all  Leased  Deposits  together  with  the 
right  to  construct  on  the  Leased  Lands  all  such  works,  buildings,  plants, 
structures,  roads,  powerlines,  and  additional  facilities  as  may  be  necessary 
or  reasonably  convenient  for  the  mining,  processing,  and  preparation  of  pro- 
ducts of  the  Leased  Deposits  for  market  and  the  housing  and  welfare  of  the 
Lessee's  employees,  agents,  and  contractors,  and  to  use  so  much  of  the  surface 
of  the  Leased  Lands  as  may  reasonably  be  required  in  the  exercise  of  the 
rights  and  privileges  herein  granted. 

(b)  The  lessee  shall  conduct  all  operations  under  this  lease  in  compliance 
with  all  applicable  Federal,  state  and  local  statutes,  regulations  and  stand- 
ards. 

Section  3.  Lessor's  Reserved  Interests  in  the  Leased  Lands.  The  Lessor 
reserves  the  following: 

(a)  The  right  to  lease,  sell,  or  otherwise  use  or  dispose  of  the  surface  of 
the  Leased  Lands  or  of  any  surface  or  mineral  resource  in  the  Leased  Lands  (or 
of  any  interest  therein)  under  existing  laws  or  laws  hereafter  enacted,  sub- 
ject to  the  rights  of  the  Lessee  under  this  lease; 

(b)  The  right,  upon  such  terras  as  it  may  determine  to  be  just,  to  permit  for 
joint  or  several  use,  such  easements  or  rights-of-way,  including  easements  in 
tunnels  upon,  through,  or  in  the  Leased  Lands,  as  may  be  necessary  or  appro- 
priate to  the  working  of  the  Leased  Lands  or  other  lands  containing  mineral 
deposits  subject  to  the  Act,  and  the  treatment  and  shipment  of  the  products 
thereof  by  or  under  authority  of  the  Lessor,  its  Lessees,  or  permittees,  and 
for  other  public  purposes;  and 

(c)  The  right  to  conduct  and  to  authorize  geological  and  other  investigations 
on  the  Leased  Lands  which  do  not  interfere  with  or  endanger  operations  under 
this  lease. 

Section  A.  Lease  Term.  This  lease  shall  be  for  a  period  of  20  Lease  Years 
from  the  Effective  Date  and  so  long  thereafter  as  there  is  production  from  the 
Leased  Deposits  in  commercial  quantities,  subject  to  the  provisions  of  section 
23  witli  respect  to  the  readjustment  of  terms  and  conditions  and  the  right  of 
the  parties  to  terminate  the  lease. 


Section  5.   Bonus .   In  addition  to  all  other  payments  required  hereunder,  the 

Lessee  shall  pay  to  the  Lessor  the  amount  of  $ as  a  bonus.   This  bonus 

shall  be  due  and  payable  in  five  installments  as  follows:   Receipt  of  $ 


at  the  time  of  the  sale  as  the  first  installment  is  hereby  acknowledged  by  the 

Lessor;  the  balance  shall  be  pa'id  In  four  equal  annual  installments  of  $ 

due  and  payable  on  each  of  the  first  four  Anniversary  Dates  of  this  lease.  In 
the  event  the  Secretary  accepts  a  surrender  or  relinquishment  of  this  lease 
filed  by  the  Lessee  at  any  time  prior  to  the  third  Anniversary  Date,  the 
Lessee  shall  be  released  from  any  obligation  to  pay  the  fourth  and  fifth  bonus 
installments  required  hereunder.  That  release  shall  not  relieve  the  Lessee  of 
the  obligation  to  pay  installments  which  had  accrued  prior  to  the  filing  of 
the  surrender  or  relinquishment  of  the  lease,  but  had  not  been  paid  prior  to 
the  Secretary's  acceptance  of  that  surrender  or  relinquishment.  The  Lessee 
may  credit  against  the  fourth  bonus  installment  any  expenditures  prior  to  the 
third  Anniversary  Date  directly  attributable  to  operations  under  this  lease  on 
the  Leased  Lands  for  the  development  of  the  Leased  Deposits,  but  not  any 
expenditures  attributable  to  the  preparation  of  a  development  plan  under  sec- 
tion 10  of  this  lease.  Upon  the  credit  of  an  expenditure,  the  Lessee  shall  be 
relieved  of  the  duty  of  paying  the  equivalent  amount  of  the  fourth  bonus  in- 
stallment. Similarly,  the  Lessee  may  credit  against  the  fifth  bonus  install- 
ment any  expenditures  prior  to  the  fourth  Anniversary  Date  directly  attribut- 
able to  operations  under  this  lease  on  the  Leased  Lands  for  the  development  of 
the  Leased  Deposits  and  not  credited  against  the  fourth  bonus  installment,  but 
not  any  expenditures  attributable  to  the  preparation  of  a  development  plan 
under  section  iO.  Upon  the  credit  of  an  expenditure,  the  Lessee  shall  be 
relieved  of  the  duty  of  paying  the  equivalent  amount  of  the  fifth  bonus 
installment.  The  Mining  Supervisor  shall  have  the  duty  of  determining  whether 
exp  tures  credited  by  the  Lessee  are  properly  attributable  to  such  oper- 
ations, and,  if  the  Mining  Supervisor  determines  that  any  reported  expenditure 
is  not  attributable  to  such  operations,  the  Lessee  shall  not  receive  credit 
for  chat  expenditure. 

■ '  >  :  Lessi    •■■         he  'J    ir  an     ■  I     ta'J 

be  in  the  amount  of  50  cents  for  each  acre  or  fraction  of  an  acre  of  the 
Leased  Lands.  The  Lessee  shall  pay  the  rental  for  each  subsequent  Lease  Year 
on  or  before  the  first  day  of  that  Lease  Year.  Rentals  for  any  Lease  Year 
shall  be  credited  by  the  Lessor  against  any  royalty  payments  for  that  Lease 
Year, 

Section  7.  Royalties.  Royalties  shall  be  computed  and  assessed  in  the  same 
manner  as  that  used  on  the  leases  issued  in  the  1974  Federal  oil  shale  proto- 
type lease  sale. 

■■> 

(i)  The  Lessee  shall  pay  to  the  Lessor  a  royalty  on  all  Oil  Shale  extracted  by 
the  Lessee  from  the  Leased  Lands  which  is  either  processed  or  sold  by  the 
Lessee.  The  royalty  on  Oil  Shale  shalL  be  computed  separately  for  shale  oil 
and  for  other  minerals  as  follows: 

(1.)  The  royalty  on  shale  oil  shall  be  computed  on  the  basis  of  the  shale  oil 
content  of  the  Oil  Shale;  the  method  of  computing  the  royalty  shall  depend 
upon  whether  the  Oil  Shale  is  extracted  by  mining  methods  or  processed  by 
in-  .  Ltu  me  thods  . 


(i)  If  the  Oil  Shale  is  extracted  by  mining  methods,  the  Lessee  shall  pay  the 
Lessor  a  basic  royalty  rate  of  12  cents  on  every  Ton  of  Oil  Shale  which  the 
Lessee  either  processes  under  the  Lease  either  on  or  off  the  Leased  Lands  or 
sells  prior  to  processing.  This  basic  royalty  rate  shall  be  subject  to  the 
following  adjustments: 

(A)  If  the  shale  oil  content  of  the  Oil  Shale  mined  is  less  than  30  gallons 
per  Ton,  the  basic  royalty  rate  per  Ton  of  Oil  Shale  shall  be  reduced  by  one 
cent  for  each  gallon  or  fraction  thereof  that  the  shale  oil  content  is  less 
than  30  ^gallons  per  Ton,  but  in  no  event  shall  the  royalty  rate  be  less  than 
four  cents  per  Ton.  If  the  shale  oil  content  of  the  Oil  Shale  mined  is  more 
than  30  gallons  per  Ton,  the  basic  royalty  rate  per  To:,  .  hall  be  increased  by 
one  cent  for  each  gallon  or  fraction  thereof  that  the  shale  oil  content  is 
more  than  30  gallons  per  Ton. 

(B)  The  royalty  rate  determined  under  (A)  above  shall  be  adjusted  by  an 
increase  or  decrease  of  the  same  percentage  as  the  Producer's  Price  Index  for 
crude  petroleum  (Domestic  P. P. I. -0561)  from  the  latest  index  immediately 
preceding  the  month  for  which  royalties  are  due  as  compared  with  the  Pro- 
ducer's Price  Index  for  crude  petroleum  for  March  1974  (formerly  known  as  the 
1  •- : ;1  Lc  Wholesal  Lee  Index).  However,  in  no  event  shall  the  basic  royalty 
rate  for  shale  oi  sci  d  to  less  than  4  cents  on  every  Ton  of  Oil  SI  alt 
mined  under  the  lease. 

(C)  The  shale  oil  content  of  the  Oil  Shale  shall  be  determined  either  by  the 
Modified  Fischer  Assay  method  or  by  such  other  method  as  the  Lessor  and  the 
Lessee  adopt,  and  the  royalty  shall  be  based  on  the  monthly  average  of  shale 
oil  content  of  all  Oil  Shale  processed  under  this  lease  or  transferred  from 
the  Leased  Lands  for  processing  or  sale  by  the  Lessee.  Computations  of 
quantities,  assays  and  royalties  shall  be  rounded  to  the  nearest  hundredth,  or 
within  the  limits  of  the  standard  deviation  for  commercial  testing  equipment 
as  approved  by  the  Mining  Supervisor. 

(ii)(A)  If  the  Oil  Shale  is  processed  by  in-situ  methods,  royalty  shall  be 
paid  at  a  basic  royalty  rate  of  12  cents  per  Ton.  The  number  of  Tons  pro- 
cessed shall,  for  purposes  of  computing  royalty,  be  determined  by:  (I) 
establishing  through  calorimetric  tests  designated  by  the  American  Society  for 
Testing  and  Materials  as  "Standard"  or  "Tentative,"  the  total  gross  heat  of 
combustion  in  BTUs  of  all  oil  and  gas  products  from  retorting  prior  to  treat- 
ment, adjusted  downward  by  the  total  gross  heat  of  combustion  in  BTUs  of 
combustible  fluids  (gases  or  liquids)  injected  as  heat  carriers,  but  not  for 
fuel  purposes,  into  the  formation  being  processed;  (II)  dividing  the  adjusted 
total  gross  heat  of  combustion  in  BTUs  by  152,700  BTUs  (shale  oil  and  gas 
recovered  by  Modified  Fischer  Assay  of  Oil  Shales,  containing  approximately  30 
gallons  of  shale  oil  per  Ton,  has  a  heating  value  of  152,700  BTUs  per  gallon 
of  shale  oil  and  associated  gas),  to  arrive  at  the  equivalent  number  of 
gallons  of  shale  oil  produced;  and  (III)  dividing  the  equivalent  number  of 
gallons  of  shale  oil  produced  by  30,  to  arrive  at  the  number  of  Tons  of  Oil 
Shale  processed  by  in-situ  methods. 

(B)  The  basic  royalty  rate  applicable  to  shale  oil  from  Oil  Shale  process  by 
in-situ  methods  shall  be  adjusted  in  the  same  manner  as  that  provided  in  para- 
graph (a) (1) (i) (h)  of  this  section  for  the  adjustment  of  the  basic  royalty 
rate  applicable  to  shale  oil  processed  from  Oil  Shale  extracted  by  mining 
methods. 


\ 


(C)  Computations  of  quantities,  assays,  and  royalties  relating  to  tonnage  of 
Oil  Shale  shall  be  determined  by  the  same  standards  as  used  under  Section 
7(a)(l)(i)(C). 

(2)  The  Lessee  shall  also  pay  a  royalty  on  all  minerals,  other  than  shale 
oil,  contained  in  Oil  Shale  produced  from  the  Leased  Deposits  which  the  Lessee 
processes,  either  on  or  off  the  Leased  Lands,  or  sells;  except  that  no  royalty 
shall  be  required  where  the  Lessee  demonstrates  to  the  satisfaction  of  the 
Mining  Supervisor  that  the  cost  of  producing  the  mineral  exceeds  the  gross 
value  at  the  point  of  shipment  to  market,  and  that  the  mineral  was  processed 
only  as  a  consequence  of  the  Lessee's  need  to  comply  with  the  Oil  Shale  Lease 
Environmental  Stipulations.  This  royalty  shall  be  computed  on  the  basis  of 
the  gross  value  of  the  other  minerals  at  the  point  of  shipment  to  market,  and 
shall  be  at  a  rate  of  3  per  centum  for  the  first  ten  Lease  Years,  4  per  centum 
for  the  eleventh  year  through  the  fifteenth  Lease  Year,  and  5  per  centum 
beginning  with  the  sixteenth  Lease  Year. 

(b)  The  Lessee  shall  determine  accurately,  on  the  Leased  Lands,  the  weight  or 
quantity  and  quality  of  all  Oil  Shale  produced  from  the  Leased  Deposits  by 
each  'method  used  and  shall  enter  the  weight  or  quantity  and  quality  thereof 
accurately  in  books  which  shall  be  kept  and  preserved  by  the  Lessee  for  such 
purposes . 

(c)  Payments  for  royalties  due  under  this  lease  shall  be  payable  monthly  on 
or  before  the  last  day  of  the  calendar  month  following  the  calendar  month  in 
which  the  Oil  Shale  is  processed  or,  if  it  is  not  processed,  is  sold. 

(d)  If  the  Lessee  shall  show  that  compliance  with  the  requirements  for 
environmental  protection  prescribed  in  the  detailed  development  plan  (or 
amended,  supplemental,  or  partial  plan)  required  under  section  10  of  this 
lease,  and  as  approved  Ln      rdance  with  the      \ations  in  43  C     i  •'  23 

I  30  CFR  Part  231,  now  ' 
enacted  after  the  effective  date  of  that  plan  (or  of  an  amendment  or  supple- 
ment to  chat  plan),  has  engendered  or  will  engender  extraordinary  costs  in  an 
amount  which  is  in  excess  of  those  in  the  contemplation  of  the  parties,  as 
determined  by  the  Lessor,  on  the  effective  date  of  that  plan  (or  amendment  or 
supple  -at  to  that  plan),  a  I  he  Secretary,  if  he  I  as  Lt  d  ble,  in 
order  to  offset  such  costs,  adjust  the  royalties  that  would  otherwise  become 
due  and  payable  thereafter  under  subsection  (a)  of  this  section  by  allowing  a 
credit  ag  i  Lm  ;  those  Lties  in  such  an  amount,  and  for  such  a  time 
determines  is  warranted  Ln  the  circumstances. 


(e)(1)  For  the  sixth  and  each  succeeding  Lease  Year  the  Lessee  shall  pay  a 
minimum  royalty  which,  to  the  extent  that  royalties  on  production  during  that 
Lease  Year  in  that  amount  have  not  been  previously  paid,  shall  be  due  and 
payable  on  the  Anniversary  Date  at  the  end  of  that  Lease  Year.  For  the  sixth 
Lease  Year,  the  Lessee's  minimum  royalty  shall  he  equal  to  the  royalty  dv;:.  on 
shale  oil  under  subsection  (a)(l)(i)  of  this  section  on  an  annual  production 

rate  of Tons  of  Oil  Shale  containing  gallons  of  shale  oil 

per  Ton  of  Oil     Le.    Th  i   mnua]  te  tin 

royalty  for  each  subsequent  Lease  Year  up  to  and  including  the  I 

Year  shall  increase  in  an  amount  of       Tons  of  Oil  Shale  per  year  for 


each  subsequent  Lease  Year;  for  the  fifteenth  and  each  subsequent  Lease  Year 
the  annual  rate  shall  be  Tons  of  Oil  Shale.  The  Secretary  may  excuse 
the  Lessee  from  compliance  in  whole  or  in  part,  with  the  requirements  of  this 
paragraph  (1)  of  subsection  (e)  during  any  year  in  which  the  Lessee  is  pre- 
vented by  circumstances  over  which  he  has  no  control  from  implementing  a 
development  plan  submitted  under  Section  10  of  this  lease. 

(2)  The  Lessee'  may  credit  against  any  minimum  royalty  due  on  the  sixth 
Anniversary  Date  or  any  subsequent  Anniversary  Date  up  to  and  including  the 
tenth  Anniversary  Date  the  amount  of  any  expenditures  which  are  made  between 
the  approval  of  the  development  plan  under  Section  10  of  this  lease  and  the 
tenth  Anniversary  Date  and  which  are  directly  attributable  to  operations  on 
the  Leased  Lands  pursuant  to  that  development  plan  for  the  development  of  the 
Leased  Deposits  and  which  were  not  credited  against  the  fourth  and  fifth  bonus 
installments.  The  Mining  Supervisor  shall  have  the  duty  of  determining 
whether  expenditures  credited  by  the  Lessee  are  attributable  to  such  oper- 
ations, and,  if  th  Mining  Supervisor  determines  that  any  reported  expenditure 
is  not  attributable  to  such  operations,  the  Lessee  shall  not  receive  credit 
for  the  expenditure.  Upon  the  credit  of  an  expenditure  against  the  minimum 
royalty  due,  the  Lessee  will  be  relieved  of  the  duty  of  paying  the  equivalent 
amour,;  of  minj  i  royalty:  P  ■'  I  d_s  ho  er ,  That,  if  there  is  actual  pro- 
du<  ti<   -:  n  tl   S3   h  or  any  !  I  se  Ye<  i  ,  the  Lessee  shall  not  be 

permitted  to  credit  expenditui  against  the  first  $10,000  of  minimum  royalty 
due  for  that  Lease  Year. 

(f)  If  the  Lessee  enters  into  production  prior  to  the  eighth  Anniversary 
Date,  and  the  royalty  due  in  the  eighth  or  any  previous  Lease  Year  exceeds  the 
minimum  royalty  due  under  subsection  (e)(1)  of  this  section  for  that  Lease 
Year,  the  Lessee  shall  be  relieved  from  the  payment  of  one-half  of  the 
difference  between  the  actual  royalty  due  for  that  Lease  Year  and  the  figure 
set  in  subsection  (e)(1)  for  minimum  royalty  due  for  that  Lease  Year.  This 
relief  from  the  payment  of  royalty  shall  be  in  addition  to  any  crediting  of 
expenditures  under  subsection  (e)(2)  of  this  section,  but  no  crediting  of 
expenditures  against  minimum  royalty  shall  reduce  the  figure  for  minimum 
royalty  used  in  the  preceding  sentence. 

Section  8.  Payments.  All  bonus  installments  shall  be  paid  to  the  appropriate 
State  Office  of  the  Bureau.  All  rental  payments  shall  be  made  to  the  appro- 
priate State  Office  of  the  Bureau  until  this  lease  enters  a  producing  status 
or  minimum  royalty  is  required  to  be  paid  on  it;  thereafter  the  rentals  and 
royalties  shall  be  paid  to  the  appropriate  Mining  Supervisor  with  whom  all 
reports  (including  any  reports  on  expenditures  deductible  under  section  5) 
concerning  operations  under  the  lease  shall  be  filed.  All  remittances  to  the 
Bureau  shall  be  made  payable  to  the  Bureau  of  Land  Management;  those  to  the 
Minerals  Management  Service  shall  be  made  payable  to  the  United  States 
Minerals  Management  Service. 

Section  9.   Bond . 

(a)  The  Lessee  shall  file  with  the  appropriate  Bureau  office  and  maintain  a 
bond  in  the  amount  of  $40,000  (adjusted  periodically  to  reflect  the  prevailing 
rise  in  cost  of  living)  for  the  purpose  of  ensuring  compliance  with  the  pro- 
visions of  this  lease,  except  those  provisions  for  compliance  with  which  a 
separate  bond  is  required  under  subsection  (b)  of  this  section. 


(b)(1)  Upon  approval,  of  a  detailed  development  plan  under  section  10  of  this 
lease,  the  Lessee  shall  file  with  the  appropriate  Bureau  office  and  maintain, 
in  addition  to  the  bond  required  under  subsection  (a)  of  this  section,  a  bond 
(in  an  amount  determined  pursuant  to  paragraph  (2)  of  this  subsection)  which 
shall  be  conditioned  upon  the  faithful  compliance  with  the  regulations  in  30 
CFR  Part  231  and  43  CFR  Part  23,  the  provisions  of  sections  10  and  11  of  this 
lease,  the  Oil  Shale  Lease  Environmental  Stipulation  attached  to  this  lease 
pursuant  to  section  11,  and  any  approved  development  plan  (or  approved, 
amended,  supplemental  or  partial  plan),  to  the  extent  that  it  relates  to  the 
preservation  and  protection  and  conservation  of  resources  other  than  Oil  Shale 
during  the  conduct  of  exploration  or  mining  operations,  and  the  reclamation  of 
lands  and  waters  affected  by  exploration  or  mining  operations* 

(2)  During  the  first  three  Lease  Years  after  the  approval  of  detailed  devel- 
opment plan  under  section  10  of  this  lease,  the  bond  shall  be  in  an  amount 
equal  to  (i)  $4,000  per  acre  for  all  portions  of  the  Leased  Lands  which, 
pursuant  to  the  plan,  will  be  used  for  spent  shale  disposal  sites  and  sites 
for  actual  mining  operations  during  that  three  year  period  and  (ii)  $1000  per 
acre  for  all  other  portions  of  the  Leased  Lands  upon  which  operations  will  be 
conducted  or  which  will  be  directly  affected  by  operations  during  that  three 
year  period  under  the  plan,  but  the  total  bond  shall  in  no  event  be  less  than 
$40,000.  After  the  first  three  Lease  Years  the  bond  shall  be  renewed  at 
intervals  of  three  Lease  Years.  Each  renewed  bond  shall  be  for  three  Lease 
Years  and  at  such  a  total  figure  as  shall  be  determined  by  the  Mining  Super- 
visor to  be  needed  to  provide  for  the  reclamation  and  restoratiori  of  all 
portions  of  the  Leased  Lands  which  have  been  affected  by  previous  operations 
under  this  lease  or  which  will  be  affected  by  operations  under  this  lease 
during  the  ensuing  three  year  period.  The  amount  of  the  bond  shall  be 
increased  at  any  time  during  the  three-year  period  at  the  demand  of  the  Mining 
Supervisor  if  there  is  a  change  in  the  development  plan  which,  in  the  opinion 

ises  the  p>      :  '  :         '. r       I 
to      Lessee,  1       I  ]    a   : 

of  the  Leased  Lands  affected  by  exploration  or  mining  operations  during  the 
three  year  period  covered  by  the  bond  when  the  Lessor  has  determined  that  the 
Lessee  has  successfully  met  the  reclamation  requirements  of  the  approved 
development  plan  and  that  operations  have  been  carried  out  and  completed  with 
respect  to  these  lands  in  accordance  with  the  approved  plan. 

(c)  Prior  to  the  approval  of  any  plan  for  exploratory  work  under  section 
10(d)  of  this  lease,  Lessee  shall  file  with  the  appropriate  Bureau  office 
and  maintain,  in  addit  to  the  bond  required  under  subsection  (a)  of  this 
section,  a  bond  in  su  m  amount  as  the  Mining  Supervisor  shall  require,  but 
in  no  event  less  than  $40,000,  which  shall  be  conditioned  upon  the  faithful 
compliance  with  regulations  in  30  CFR  Part  231  and  43  CFR  Part  23,  the  pro- 
visions of  sections  10  and  11  of  this  lease,  the  Oil  Shale  Lease  Environmental 
Stipulations  attached  to  this  lease  pursuant  to  section  11,  and  any  approved 
plan  for  exploratory  work,  to  the  extent  that  it  relates  to  the  pres 
and  protection  of  the  environment  (including  land,  water,  and  air),  the 
protection  and  conservation  of  resources  other  than  Oil  Shale  during  the 
conduct  of  exploration  operations,  and  the  reclamation  of  lands  and  waters 

' /  expi  i    on  opi   tions .    The  b  '■  !  by  I  h  L  • 

shall  apply  only  to  actions  taken  prior  to  the  date  of  i  E  the 
development  plan  under  section  10(a)  of  this  lease.   However,  with  the  consent 
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of  the  Mining  Supervisor,  the  Lessee  may  modify  this  bond  in  such  a  manner  as 
is  necessary  to  meet  the  requirements  of  subsection  (b)  of  this  section,  and 
the  bond  so  modified  may,  with  the  consent  of  the  Mining  Supervisor,  be 
maintained  as  the  bond  required  under  subsection  (b). 

Section  10.   Development  Plan  and  Diligence  Requirements. 

(a)  The  Lessee  shall  file  with  the  Mining  Supervisor  on  or  before  the  third 
Anniversary  Date  a  detailed  development  plan.  This  plan  shall  include:  (1)  a 
schedule  and  description  of  the  planning,  exploratory,  development,  produc- 
tion, processing,  reclamation,  and  monitoring  operations  and  all  other 
activities  to  be  conducted  under  this  lease;  (2)  a  detailed  description  pur- 
suant to  30  CFR  Part  231  and  43  CFR  Part  23  of  the  procedures  to  be  followed 
to  assure  that  the  development  plan,  and  lease  operations  thereunder,  will 
meet  and  conform  to  the  environmental  criteria  and  controls  incorporated  in 
the  lease  and  make  use  of  best  available  environmental  control  technology;  and 
(3)  a  requirement  that  the  Lessee  use  all  cue  diligence  in  the  orderly  devel- 
opment of  the  Leased  Deposits,  and,  in  particular,  to  attain,  at  as  early  a 
time  as  is  consistent  with  compliance  with  all  the  provisions  of  this  lease, 
production  at  a  rate  at  least  equal  to  the  rate  on  which  minimum  royalty  is 
computed  imd  :  section  7(e)(1).. 

If  th  Lessee  elects  to  develop  the  minerals  in  the  leased  deposits  in  a 
non-integrated  manner,  the  detailed  development  plan  must  contain  information 
showing  to  the  satisfaction  of  the  Mining  Supervisor  that  integrated  develop- 
ment is  not  viable  and  justifiable  for  economic,  technical  or  environmental 
reasons,  and  that  development  will  not  preclude  future  recovery  of  other 
minerals  in  the  leased  deposits.  If  the  development  and  production  of  any 
portion  of  the  leased  deposits  are  to  be  temporarily  postponed,  the  Detailed 
Development  Plan  must  show  when  all  minerals  will  be  developed. 

Prior  to  commencing  any  of  the  operations  under  the  development  plan  in  the 
Leased  Lands,  the  Lessee  shall  obtain  the  Mining  Supervisor's  approval  of  the 
development  plan.  The  Mining  Supervisor  shall  not  delay  unnecessarily  in  the 
consideration  of  a  development  plan,  but  he  shall  take  time  to  consider  both 
technical  and  environmental  provisions  of  the  plan  thoroughly  prior  to 
approval,  and  shall  hold  public  hearings  on  the  environmental  provisions  to 
assist  him  in  his  consideration  of  the  detailed  development  plan.  If  the 
development  plan  submitted  by  the  Lessee  is  unacceptable,  the  Mining  Super- 
visor shall  inform  the  Lessee  by  v/ritten  notice  of  the  reasons  why  the 
development  plan  is  unacceptable  and  shall  give  him  an  opportunity  to  amend 
the  plan.  If  an  acceptable  development  plan  is  not  submitted  to  the  Mining 
Supervisor  by  the  Lessee  within  one  year  after  the  Lessee's  receipt  of  that 
notice,  the  Mining  Supervisor  shall  send  a  second  written  notice  to  the  Lessee 
concerning  the  unacceptabili ty  of  the  development  plan.  A  failure  by  the 
Lessee  to  submit  an  acceptable  plan  within  one  year  after  his  receipt  of  the 
second  written  notice,  without  reasonable  justification  for  delay,  shall  be 
grounds  for  termination  of  the  lease,  if  the  Lessor  so  elects. 

Upon  approval  of  the  plan,  the  Lessee  shall  proceed  to  develop  the  Leased 
Deposits  in  accordance  with  the  approved  plan.  After  the  date  of  approval  of 
the  development  plan,  the  Lessee  shall  conduct  no  activities  upon  the  Leased 
Lands  except  pursuant  to  that  development  plan,  or  except  for  necessary 
activities  following  a  relinquishment  under  section  28  of  this  lease  or  for 


% 


the  disposition  of  property  after  termination  pursuant  to  section  32  of  this 
lease . 

(b)  The  Lessee  must  obtain  the  written  approval  of  the  Mining  Supervisor  of 
any  change  in  the  pian  approved  under  subsection  (a). 

(c)  The  Lessee  shall  file  with  the  Mining  Supervisor  annual  progress  reports 
describing  the  operations  conducted  under  the  development  plan  required  under 
subsection  (a). 

(d)  Prior  to  undertaking  any  exploratory  work  on  the  Leased  Lands  between  the 
Effective  Date  and  the  date  of  approval  of  the  detailed  development  plan 
required  by  subsection  (a)  of  this  section,  the  Lessee  shall  file  with  the 
Mining  Supervisor  a  plan  showing  the  exploratory  work  which  he  proposes  to 
undertake  and  he  shall  not  commence  that  work  until  the  Mining  Supervisor  has 
approved  the  plan. 

Exploratory  work,  as  used  in  this  subsection,  shall  include,  but  not  be 
limited  to,  seismic  work,  drilling,  blasting,  research  operations,  cross- 
country travel,  the  construction  of  roads  and  trails  and  other  necessary 
facilities  and  the  accumulation  of  environmental  baseline  data  required  under 
section  1(C)  of  the  Oil  Shale  Lease  Environmental  Stipulations.  Prior  to 
approval  of  the  detailed  development  plan  under  subsection  (a)  of  this 
section,  all  exploratory  work  on  the  Leased  Lands  shall  be  conducted  pursuant 
to  a  plan  approved  under  this  subsection. 

Section  11.   Protection  of  the  Environment;  additional  stipulations. 

(a)  The  Lessee  shall  conduct  all  operations  under  this  lease  in  compliance 
with  all  applicable  Federal,  State,  and  local  water  pollution  control,  water 
quality,   air   pollution   control,   air   quality,   noise   control,   and   land 

1  -   Lion  sta  u  t  i  i  ,  regulal  ions ,  and  ■■  ■        '  ■  ■  ds . 

(b)  ■  I  issee  shall  avoid,  or,  I  ire  avoidance  Is  impracl  Lc  ble,  ■  - 
and,  where  practicable,  repair  damage  to  the  environment,  including  the  land, 
the  water  and  air. 

(c)  The  Oil  Shale  Lease  Environmental  Stipulations  ar    tt;  ned  to  and 
icifj  illy  incorporated  in  this  lease.    A  breach  of  any  term  o;:  these 

stipulations  will  be  a  breach  of  the  terms  of  this  lease  and  subject  to  all 
the  provisions  of  this  lease  with  respect  to  remedies  in  case       fault* 

Section  12.   Operations  on  the  Leased  Lands;  Water  Rights. 

(a)  The  Lessee  shall  exercise  reasonable  diligence,  skill,  and  care  in  all 
operations  on  the  Leased  Lands.  The  Lessee's  obligations  shall  include,  but 
not  be  limited  to,  the  following: 

(1)  The  Lessee  shall  conduct  all  operations  on  the  Leased  Lands  so  as  to 
prevent  injury  to  life,  health,  or  property. 

(2)  Tl   Lessee  shall  avoid,  or  where   ivoidance  Is      cl  Lc  ble,  mi 

ai  \,  praci  i  ible,  correct  hazards  to  the     Lie  1     h  and     :ty 

related  to  his  operations  on  the  Leased  Lands. 
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(3)  The  Lessee  shall  avoid  wasting  i:he  mineral  deposits,  arid  other  resources, 
including  but  not  limited  to,  surface  resources,  which  may  be  found  in,  upon, 
or  under  such  lands. 

(b)  The  Lessee  shall  conduct  all  operations  on  the  Leased  Lands  whether  they 
are  surface  or  underground  operations,  and  whether  they  are  in  lands  in  which 
the  Lessor  owns  the  surface  or  those  in  which  the  Lessor  has  disposed  of  the 
surface,  in  accordance  with  the  provisions  of  30  CFR  Part  231  and  43  CFR  Part 
23.  Itoth  30  CFR  Part  231  and  43  CFR  Part  23  are  specifically  incorporated  by 
reference  into  the  provisions  of  this  section.  The  provisions  of  43  CFR  Part 
23  are  hereby  expressly  made  applicable  to  the  Lessee's  underground  mining 
operations  with  equal  force  and  effect  to  that  given  to  those  provisions  in 
their  application  to  surface  mining  operations  and  to  operations  on  lands  in 
which  the  Lessor  owns  the  surface. 

(c)  The  Lessee  shall  take  such  reasonable  steps,  and  shall  conduct  operations 
in  such  a  manner,  as  may  be  needed  to  avoid  or,  where  avoidance  is  impractic- 
able, to  minimize  and,  where  practicable,  repair  damage  to:  (1)  any  forage 
and  timber  growth  on  Federal  or  non-Federal  lands  in  the  vicinity  of  the  Lease 
Lands;  (?)  crops,  including  forage,  timber,  or  improvements  of  a  surface 
own  or  (3)  thei  by  the  Un  Lted  or  by  it j 
permittees,  licensees,  or  lessees.  The  Mining  Supervisor  must  approve  the 
steps  to  be  taken  and  the  restoration  to  be  made  in  the  event  of  the 
occurrence  of  damage  described  in  this  subsection. 

(d)  All  water  rights  developed  by  the  Lessee  on  the  Leased  Lands  shall 
immediately  become  the  property  of  the  Lessor.  As  long  as  the  lease 
continues,  the  Lessee  shall  have  the  right  to  use  those  water  rights  free  of 
charge  for  activities  under  the  lease. 

Section  13.  Development  by  In-Situ  Methods.  Where  in-situ  methods  are  used 
for  development  of  Oil  Shale,  the  Lessee  shall  not  place  any  entry,  well,  or 
opening  for  such  operations  within  500  feet  of  the  boundary  line  of  the  Leased 
Lands  without  the  permission  of,  or  unless  directed  by,  the  Mining  Supervisor, 
nor  shall  induced  fracturing  extend  to  less  than  100  feet  from  that  boundary 
line. 

Section  14.  Nuclear  Fracturing.  No  nuclear  explosive  may  be  detonated  on  or 
in  the  Lease  Lands  without  the  express  written  approval  of  the  Secretary.  The 
Secretary  may  approve  the  detonations  of  such  explosives  only  after  the 
preparation  of  an  environmental  impact  statement  pursuant  to  section  102(2) (C) 
of  the  National  Environmental  Policy  Act  of  1969  (42   U.S.C.  Sec.  4332(2)(C)). 

Section  15.  Inspection  and  Investigation.  The  Lessee  shall  permit  any  duly 
authorized  officer  or  representative  of  the  Department  at  any  reasonable  time: 
To  inspect  or  investigate  the  Leased  Lands  and  all  surface  and  underground 
improvements,  works,  machinery,  and  equipment,  and  all  books  and  records 
pertaining  to  operations  and  surveys  or  investigations  under  this  lease;  and 
copy  and  make  extracts  from  any  books  and  records  pertaining  to  operations 
under  this  lease. 


Section  16.   Reports,  Maps,  etc. 

(a)  At  such  times  and  in  such  a  form  as  the  Mining  Supervisor  may  prescribe 
the  Lessee  shall  furnish  a  report  with  respect  to  investment  and  operating 
costs  under  this  lease.  The  Lessee  shall  also  submit  to  the  Mining  Supervisor 
in  such  form  as  the  latter  may  proscribe,  not  more  than  60  days  after  the  end 
of  each  quarter  of  the  Lease  Year,  a  report  covering  that  quarter  which  shall 
show  the  amount  of  each  respective  mineral  or  product  produced  from  the  Leased 
Deposits  by  each  method  of  production  used  during  the  quarter,  the  character 
and  quality  thereof,  the  amount  of  products  and  by-products  disposed  of  and 
price  received  therefor,  and  the  amount  in  storage  or  held  for  sale.  This 
report  shall  be  certified  by  the  superintendent  of  the  mine,  or  by  some  other 
agent  having  personal  knowledge  of  the  facts  who  has  been  designated  by  the 
Lessee  for  that  purpose. 

(b)  The  Lessee  shall  submit  to  the  Mining  Supervisor  at  such  times  and  in 
such  form  as  the  Mining  Supervisor  may  prescribe,  operational  data,  including 
but  not  limited  to,  raw  and  processed  oil  shale  analysis,  flow  rales  and 
analysis  of  solid,  liquid,  and  gaseous  streams. 

(c)  The  Lessee  shall  prepare  and  furnish  at  such  times  and  in  such  form  as 
the  Mining  Supervisor  may  prescribe,  maps,  photographs,  reports,  statements 
and  other  documents,  required  by  the  provisions  of  30  CFR  Part  231  and  43  CFR 
Part  23. 

Section  17.  Notice.  Any  notice  which  is  required  under  this  lease  shall  be 
given  in  writing.  Where  immediate  action  is  required,  notice  may  be  given 
orally  or  by  telegram,  but,  where  this  is  done,  the  oral  notice  shall  be 
confirmed  in  writing.  Wherever  this  lease  requires  the  Lessee  to  give  notice, 
notice  shall  be  given  to  the  Mining  Supervisor  unless  this  lease  requires  that 
notice  be  given  to  another  officer.  The  Lessee  shall  inform  the  Bureau  State 
ic<  I  tl  ninj  Suj  rvisor  of  the  Les  e's  officer  to  wli  i  10  1] 
.  .  in, 

Section  18.  Employment  Practices.  The  Lessee  shall  pay  all  wages  due  persons 
employed  on  the  Leased  Lands  at  least  twice  each  month  in  lawful  money  of  the 
United  States.  The  Lessee  shall  grant  all  miners  and  other  employees  complete 
freedom  of  purchase.  Th  I  issee  shall  restrict  the  workday  to  not  -  ■  than  8 
hours  in  any  one  day  for  underground  workers,  except  in  cases  of  emergency. 
The  Lessee  shall  employ  no  person  under  the  age  of  16  years  in  any  Lne  below 
the  -surface.  If  the  ]  ■  of  the  State  in  which  the  mine  is  situat  .  ' 
employment,  in  a  mine  '  Vow  the  surface,  of  persons  of  an  age  greater  than  16 
years,  the  Lessee  shal   comply  with  those  laws. 

Section  19.  Equal  Opportunity  Clause;  certification  of  non-segregated 
facilities. 

(a)   Equal Opportunity  Clause.    During  the  performance  of  this  Lease  the 

Lessee  igrees  as  follows:  (1)  The  Lessee  shall  not  discriminate  against  any 
employee  or  applicant  for  employment  because  of  race,  color,  religion,  sex,  or 
Lonal  origin.  The  Lessee  shall  take  affirmative  action  to  insure  that 
,  | ■ '  '  tnts  i  :  oyed ,  and  tl  i ;■ :  >yees  i  i  treated  during  :  ■ 
without  i  :gard  to  their  race,  color,  religion,  sex,  o^  nal  origin 
action  shall  include,  but  not  be  limited  to  the  following:  iployment, 
upgrading,   demotion,   or   transfer;   recruitment  or  recruitment  advertising; 


layoff  or  termination;  rates  of  pay  or  other  forms  of  compensation;  and 
selection  for  training,  including  apprenticeship.  The  Lessee  shall  post  in 
conspicuous  places,  available  to  employees  and  applicants  for  employment, 
notices  to  be  -provided  by  the  Lessor  setting  forth  the  provisions  of  this 
Equal  Opportunity  clause. 

(2)  The  Lessee  shall,  in  all  solicitations  or  advertisements  for  employees 
placed  by  or  on  behalf  of  the  Lessee,  state  that  all  qualified  applicants  will 
receive  consideration  for  employment  without  regard  to  race,  color,  religion, 
sex,  or  national  origin. 

(3)  The  Lessee  shall  send  to  each  labor  union  or  representative  of  workers 
with  which  he  has  a  collective  bargaining  agreement  or  other  contract  or 
understanding,  a  notice,  to  be  provided  by  the  Lessor  s  advising  the  labor 
union  or  workers1  representative  of  the  Lessee's  commitments  under  this  Equal 
Opportunity  clause,  and  shall  post  copies  of  the  notice  in  conspicuous  places 
available  to  employees  and  applicants  for  employment. 

(4)  The  Lessee  will  comply  with  all  provisions  of  Executive  Order  No.  11246 
of  September  24,  1965,  as  amended,  and  of  the  rules  regulations  and  relevant 
orders  of  the  Secretary  of  Labor. 

('->)  '  see  shall  furnish  all  info  tion  and  reports  required  by 
Executive  Order  No.  11246  of  September  24,  1965,  as  amended,  and  by  the  rules, 
regulations,  and  orders  of  the  Secretary  of  Labor,  or  pursuant  thereto,  and 
will  permit  access  to  his  books,  records,  and  accounts  by  the  Secretary  of  the 
Interior  and  the  Secretary  of  Labor  for  purposes  of  investigation  to  ascertain 
compliance  with  such  rules,  regulations,  and  orders. 

(6)  In  the  event  of  the  Lessee's  noncompliance  with  the  Equal  Opportunity 
clause  of  this  lease  or  with  any  of  the  said  rules,  regulations,  or  orders, 
this  lease  may  be  canceled,  terminated  or  suspended  in  whole  or  in  part  and 
the  Lessee  may  be  declared  ineligible  for  further  Federal  Government  contracts 
or  leases  in  accordance  with  procedures  authorized  in  Executive  Order  No. 
11246  of  September  24,  1965,  as  amended,  and  such  other  sanctions  may  be 
imposed  and  remedies  invoked  as  provided  in  Executive  Order  No.  11246  of 
September  24,  1965,  as  amended,  or  by  rule,  regulation,  or  order  of  the 
Secretary  of  Labor,  or  as  otherwise  provided  by  law. 

(7)  The  Lessee  shall  include  the  provisions  of  Paragraphs  (1)  through  (7)  of 
this  subsection  (a)  in  every  contract,  subcontract  or  purchase  order  unless 
exempted  by  rules,  regulations,  or  orders  of  the  Secretary  of  Labor  issued 
pursuant  to  Section  204  of  Executive  Order  No.  11246  of  September  24,  1965,  as 
amended,  so  that  such  provisions  will  be  binding  upon  each  contractor,  sub- 
contractor or  vendor.  The  Lessee  shall  take  such  action  with  respect  to  any 
contract,  subcontract  or  purchase  order  as  the.  Secretary  may  direct  as  a  means 
of  enforcing  such  provisions,  including  sanctions  for  noncompliance: 
Provided,  however,  That  in  the  event  the  Lessee  becomes  involved  in,  or  is 
threatened  with,  litigation  with  a  contractor,  subcontractor  or  vendor  as  a 
result  of  such  direction  by  the  Secretary,  the  Lessee  may  request  the  lessor 
to  enter  into  such  litigation  to  protect  the  interests  of  the  lessor. 

(b)  Certification  of  non-segregated  facilities.  By  entering  into  this  lease, 
the  Lessee  certifies  that  Lessee  does  not  and  shall  not  maintain  or  provide 
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for  Lessee's  employees  any  segregated  facilities  at  any  of  Lessee's 
establishments,  and  that  Lessee  does  not  and  shall  not  permit  Lessee's 
employees  to  perform  their  services  at  any  location,  under  Lessee's  control, 
where  segregated  facilities  are  maintained.  The  Lessee  agrees  that  a  breach 
of  this  certification  is  a  vLolation  of  the  Equal  Opportunity  clause  in  thLs 
lease.  As  used  in  this  certification,  the  term  "segregated  facilities"  means, 
but  is  not  limited  to,  any  waiting  rooms,  work  areas,  rest  rooms  and  wash 
rooms,  restaurants  and  other  eating  areas,  time  clocks,  locker  rooms  and  other 
storage  or  dressing  areas,  parking  lots,  drinking  fountains,  recreation  or 
entertainment  areas,  transportation,  and  housing  facilities  provided  for 
employees  which  are  segregated  by  explicit  directive  or  are  in  fact  segregated 
on  the  basis  of  race,  color,  religion,  or  national  origin,  because  of  habit, 
local  custom,  or  otherwise.  Lessee  further  agrees  that  (except  where  Lessee 
has  obtained  identical  certifications  from  proposed  contractors  and 
subcontractors  for  specific  time  periods)  Lessee  shall  obtain  identical 
certifications  from  proposed  contractors  and  subcontractors  prior  to  the  award 
of  contracts  or  subcontracts  exceeding  $10,000  which  are  not  exempt  from  the 
provisions  of  the  Equal  Opportunity  clause;  that  Lessee  shall  retain  such 
certifications  in  Lessee's  files  and  shall  make  tliern  available  to  the 
Secretary  at  his  request;  and  that  Lessee  shall  forward  the  following  notice 
to  such  proposed  contractors  and  subcontractors  (except  where  the  proposed 
contractor  or  subcontractor  has  submitted  identical  certifications  for 
specific  time  periods):  Notice  to  prospective  contractors  and  subcontractors 
of  requirements  for  certification  of  non-segregated  facilities.  A 
Certification  of  Non-segregated  Facilities,  as  required  by  the  May  9,  1967, 
order  (32  FR  7439,  May  19,  1967)  on  Elimination  of  Segregated  Facilities,  by 
the  Secretary  of  Labor,  must  be  submitted  prior  tc  the  award  of  a  contract  or 
subcontract  exceeding  $10,000  which  is  not  exempt  from  the  provisions  of  the 
Equal  Opportunity  clause.  The  certification  may  be  submitted  either  for  each 
contract  and  subcontract  or  for  all  contracts  and  subcontracts  during  a 
period  (i.e.,  quarterly,  semi-annually,  or  annually). 

;sessed  and  1  I  under  the  laws  o  Late  or  the  Ui  ;...:d  Scai;:,;  upon 
improvements,  output  of  mines,  or  other  rights,  property,  or  assets  of  the 
Lessee . 

Section  21.  Monopoly  and  Fair  Prices.  The  lessor  reserv  full  10  Lty  to 
promulgate  and  enforce  orders  and  regulations  under  the  provisions  of  sections 
30  and  32  of  the  Act  (30  U.S.C.  Sec.  187  and  189)  necessary  to  insure  that:  any 
Le  of  the  production  from  the  Leased  Deposits  to  the  United  States  or  to  the 
)lic  is  at  reasonable  prices,  to  prevent  monopoly,  and  to  safeguard  the 
public  welfare,  and  such  regulations  shall,  upon  promulgation,  be  binding  upon 
the  Lessee. 

Section  22.  Suspension  of  Operations  or  Production.  Any  suspension  of 
operations  or  production  under  section  39  of  the  Act  (30  U.S.C.  Sec.  209) 
granted  with  respect  to  this  lease  shall  take  effect  as  of  the  first  day  of 
the  calendar  month  following  the  calendar  month  during  which  the  suspension  is 
approved,  except  that,  in  a  situation  where  in  the  opinion  of  the  Mining 
Supervisor  there  is  an  immediate  danger  to  life,  or  of  irreparable  major 
damage  to  ;  ip  rty  or  the   nvlronment,  the  Mining 

effective  irai      ely.   The  term  of  any  ant 

to  the  Lessee's  request  with  respect  to  operations  or  production  under  this 


lease  shall  be  in  full  calendar  months.  A  suspension  shall  terminate  either 
ctt  the  time  designated  in  the  suspension  order  or,  .if  there  is  no  time  of 
termination  in  the  order,  at  such  time  as  the  Mining  Supervisor  shall 
designate  in  subsequent  notice  to  the  Lessee. 

Section  2  3.  Readjustment  of  Terms  and  Conditions.  The  Lessor  may  propose  the 
reasonable  readjustment  of  the  terms  and  conditions  of  this  lease  (including 
royalty  provision's),  the  first  readjustment  to  be  effective  at  the  twentieth 
Anniversary  Date  of  this  lease  and  subsequent  readjustments  to  be  effective  at 
twenty  Lease  Year  intervals  thereafter.  At  least  120  days  before  the 
appropriate  Anniversary  Date  the  Lessor  shall  give  notice  to  the  Lessee  of  any 
proposed  readjustment  of  the  terms  and  conditions  of  the  lease  and  the  nature 
thereof s  and,  unless  the  Lessee,  within  60  days  after  receipt  of  such  notice, 
files  with  the  Lessor  an  objection  to  the  proposed  terms  or  relinquishes  the 
lease  as  of  the  appropriate  Anniversary  Date,  the  Lessee  shall  be  deemed 
conclusively  to  have  agreed  to  such  terms  and  conditions.  If  the  Lessee  files 
objections  with  the  Lessor,  and  agreement  cannot  be  reached  between  the  Lessor 
and  Lessee  within  a  period  of  60  days  after  the  filing  of  the  objections,  the 
lease  may  be  terminated  by  either  party  upon  giving  60  days'  notice  to  the 
other  party;  however,  the  Lessor's  right  to  terminate  the  lease  shall  be 
sus]  \:  the  Lessee's  filing  of  a  notice  of  appeal  pursuant  to  section  34 
of  this  J   s '  .  j  .         :    .    Lons  to  tb   propo;   I  read  justed 

terais  and  conditions,  the  existing  terms  and  conditions  (other  than  those 
concerning  royalties)  shall  remain  in  effect  until  there  has  been  an  agreement 
between  the  Lessor  and  the  Lessee  on  the  new  terms  and  conditions  to  be 
incorporated  in  the  lease,  or  until  the  Lessee  has  exhausted  his  rights  of 
appeal  under  section  3  4  of  this  lease,  or  until  the  lease  is  terminated; 
however,  the  readjusted  royalty  provisions  shall  be  effective  until  there  is 
either  agreement  between  the  Lessor  and  the  Lessee  or  until  the  lease  is 
terminated.  If  the  readjusted  royalty  provisions  are  subsequently  rescinded 
or  amended,  the  Lessee  shall  be  permitted  to  credit  any  excess  royalty 
payments  against  royalties  subsequently  due  to  the  Lessor. 

Section  24.  Assignment.  With  respect  to  the  assignment  or  transfer  of  any 
interest  under  this  lease,  the  Lessee  shall  comply  with  the  provisions  of  43 
CFR  Subpart  3506  to  the  same  extent  as  if  that  Subpart  were  specifically  ap- 
plicable to  oil  shale  leases.  The  Lessor  shall  have  no  discretion  to  refuse 
to  approve  an  assignment  except:  (1)  where  the  assignee  is  not  qualified  to 
hold  a  lease  under  section  1  of  the  Act  (30  U.S.C.  Sec.  181);  (2)  where  the 
assignee  is  unable  to  provide  an  adequate  bond;  or  (3)  where  either  the 
assigned  or  the  retained  portion  of  the  lease  would,  in  the  opinion  of  the 
Lessor,  be  too  small  to  be  economically  developed. 

Section  25.  Overriding  Royalties.  The  Lessee  shall  not  create,  by  assignment 
or  otherwise,  an  overriding  royalty  interest  in  excess  of  25  percent  of  the 
rate  of  royalty  payable  to  the  United  States  under  this  lease  or  an  overriding 
royalty  interest  which  when  added  to  any  other  outstanding  overriding  royalty 
interest  exceeds  that  percentage,  except  that,  where  an  interest  in  the 
leasehold  or  in  an  operating  agreement  is  assigned,  the  assignor  may  retain  an 
overriding  royalty  interest  in  excess  of  the  above  limitation  if  he  shows  to 
the  satisfaction  of  the  Department  that  he  lias  made  substantial  investments 
for  improvements  on  the  lands  covered  by  the  assignment. 


\i 


Section  26.  Heirs  and  Successors  in  Interest.  Each  obligation  hereunder 
shall  extend  to  and  be  binding  upon,  and  every  benefit  shall  inure  to,  the 
heirs,  executors,  administrators,  successors,  or  assigns  of  the  respective 
parties  hereto. 

Section  27.  Unlawful  Interest.  No  member  of,  or  Delegate  to,  Congress  or 
Resident  Commissioner,  after  his  election  or  appointment,  either  before  or 
after  he  has  qualified  and  during  his  continuance  in  office,  and  no  officer, 
agent,  or  employee  of  the  Department  of  the  Interior,  except  as  provided  in  43 
CFR  7.4(a)(1),  shall  be  admitted  to  any  share  or  part  in  this  lease  or  derive 
any  benefit  that  may  arise  therefrom;  and  the  provisions  of  Section  3741  of 
the  Revised  Statutes  of  the  United  States  (41  U.S.C.  Sec.  22),  as  amended,  and 
Sections  431,  432,  and  433,  Title  18  of  the  United  States  Code,  relating  to 
contracts,  enter  into  and  form  a  part  of  this  lease  so  far  as  the  same  may  be 
applicable . 

Section  23.   Relinquishment  of  Lease. 

(a)  Upon  showing  to  the  satisfaction  of  the  Lessor  that  he  has  complied  with 
the  terms  and  conditions  of  this  lease,  the  Lessee  may  relinquish  the  entire 
lease  or  any  legal  subdivision  of  the  Leased  Lands. 

(b)  A  relinquishment  must  be  filed,  in  duplicate,  in  the  proper  Bureau  State 
Office.  Upon  its  acceptance  it  shall  be  effective  as  of  the  date  it  is  filed, 
subject  to  the  continued  obligation  of  the  lessee  and  his  surety,  in 
accordance  with  the  terms  and  conditions  of  this  lease,  (1)  to  make  payment 
of  all  accrued  bonus  payments,  rentals,  and  royalties,  except  as  provided  in 
section  5;  (2)  to  provide  for  the  preservation  of  any  mines,  in-si tu 
production  works,  underground  development  works,  other  permanent  improvements, 
and  other  property,  whether  fixtures  or  personalty,  on  the  Leased  Lands;  (3) 
to  provide  for  the  reclamation  of  lands  and  water  affected  by  exploration  or 

ling  operations  under  this  lease;  and    (4)   to  comply  with  all  other 
Le  reqi 

Section  29.  Remedies  in  Case  of  Default.  If  the  Lessee  shall  fail  to  comply 
with  any  of  the  terms  and  conditions  of  this  lease  (including  the  terras  and 
conditions  of  any  development  plan  approved  under  section  10)  and  that  default 
LI  conl  Lnue  for  a  period  of  30  days  after  service  of  notice'  thereof  by  the 
Mining  Supervisor,  the  Mining  Supervisor  may  suspend  O]  i  ions  until  the 
required  action  is  taken  to  correct  noncompliance,  or  the  lessor  may  institute 
priate  proceedings  in  a  court  of  competent  jurd  tion  for  the 
forfeituri  ;  cancellation  of  this  lease  as  provided  in  S  Lon  33  \.ct 
(30  U.S.C.  Sec.  188)  and  for  forfeiture  of  any  applicable  bond.  If  the  Lessee 
fails  to  take  prompt  and  necessary  steps  to  prevent  loss  or  damage  to  the 
mine,  property,  or  premises,  or  to  prevent  danger  to  the  employees,  or  to 
avoid,  or,  where  avoidance  is  impracticable,  to  minimize  and,  where 
practicable,  repair  damage  to  the  environment,  or,  if  immediate  action  by  the 
Lessor,  without  waiting  for  action  by  the  Lessee,  is  required  'for  any  of  those 
purposes,  the  Lessor  may  enter  on  the  pr<  dses  and  take  such  measure.;  as  he 
may  deem  necessary  to  prevent  such  loss,  damage,  or  danger,  or  to  correct  the 
damaging,  dangerous,  or  unsafe  condition  of  the  mine  or  any  other  facilities 
on  the  Leased  kinds,  and  those  measures  shall  be  at  the  e  ise  of  the 
I  ! se  e . 
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Section  30.  Effect  of  Waiver.  A  waiver  of  any  breach  of  the  provisions  of 
this  lease  shall  extend  only  to  that  particular  breach  and  shall  not  limit  the 
rights  of  the  parties  with  respect  to  any  future  breach.  A  waiver  of  a 
particular  cause  of  forfeiture  shall  not  prevent  cancellation  of  this  lease 
for  any  other  cause,  or  for  the  same  cause  occurring  at  another  time. 

Section  31.  Delivery  of  Premises  in  Case  of  Forfeiture.  In  case  of  the 
termination  of  this  lease  in  any  manner  the  Lessee  shall  deliver  to  the 
Lessor,  in  the  condition  required  by  the  reclamation  requirements  of  approved 
exploration  and  development  plans,  and  subject  to  the  provisions  of  section  32 
of  this  lease,  the  Leased  Lands,  including  permanent  improvements  and  other 
property  on  the  Leased  Lands,  whether  affixed  to  the  ground  or  movable  and  all 
underground  shafts  and  timbering,  well  casing,  and  such  other  supports  and 
structures  as  are  necessary  for  the  preservation  of  the  Leased  Lands,  or  any 
mines,  other  underground  development  works,  or  deposits  in  the  Leased  Lands. 

Section  32.   D is p o s i  £  ion  of  P r op e r t y  u p o n  T c rain,  tip n__o f  Lease  . 

(a)  Upon  termination  of  this  lease  in  any  manner  all  underground  timbering 
and  any  oth^r  supports  or  structures  which  the  Lessor  shall  inform  the  Lessee 
are  necessary  for  the  preservation  of  any  mines  or  other  underground 
d  .  .  ■  -■  sis  c!  ':  <  am  main  the  :  i  a  part  of  th(  realty 
without  the  pays  :nt  '  .  <  .  I  Lon  to  the  Lei  see.  AJ  I  other  structures, 
equipment,  machinery,  tools,  appliances,  and  materials  on  the  Leased  Lands, 
whether  affixed  to  the  ground  or  movable,  shall  remain  the  property  of  the 
Lessee  upon  the  termination  of  this  lease,  but  the  Lessee  shall  have  no  right, 
for  a  period  of  six  months  following  the  termination,  to  remove  from  the 
Leased  Lands  any  of  that  property  which  in  the  opinion  of  the  Lessor  is  useful 
for  the  protection  of  the  Leased  Lands  (including  any  mines  in  those  lands) 
unless  the  Lessor  shall  expressly  authorize  the  removal.  During  the  six-month 
period  the  Lessor  shall  have  the  right  to  purchase  at  the  appraised  value  any 
or  all  items  of  that  property  required  or  useful  for  the  protection  of  the 
Leased  Lands.  The  appraised  value  shall  be  fixed  by  three  disinterested  and 
competent  persons  (one  to  be  designated  by  the  Lessor,  one  by  the  Lessee,  and 
the  third  by  the  two  so  designated),  and  the  appraised  value  determined  by  the 
three  or  a  majority  of  them  shall  be  conclusive. 

(b)  At  any  time  within  a  period  of  90  days  after  either  the  Lessor  has 
informed  the  Lessee  that  he  will  not  purchase  the  property  or  the  expiration 
of  the  6-month  period,  the  Lessee  shall  have  the  right  to  remove  from  the 
premises  the  property  which  was  not  purchased  by  the  Lessor. 

(c)  Any  structures,  machinery,  equipment,  tools,  appliances,  and  materials, 
subject  to  removal  by  the  Lessee  as  provided  above,  which  are  allowed  to 
remain  on  the  Leased  Lands  shall  become  the  property  of  the  Lessor  on 
expiration  of  the  90-day  period  or  any  extension  of  that  period  which  may  be 
granted  by  the  Lessor  because  of  adverse  climatic  conditions  or  other  good  and 
sufficient  reason,  unless  the  Lessor  shall  direct  the  Lessee  to  remove  any  or 
all  of  such  property  on  expiration  of  the  90-day  period.  If  the  Lessor 
directs  the  Lessee  to  remove  such  property,  the  Lessee  shall  do  so  at  his  own 
expense  or,  if  he  fails  to  do  so  within  a  reasonable  period,  the  Lessor  may  do 
so  at  the  Lessee's  expense. 

Section  33.   Protection  of  Proprietary  Information. 
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(a)  This  lease,  and  any  activities  thereunder,  shall  not  be  construed  to 
grant  a  lLcense,  penult  or  other  right  of  use  or  ownership  to  the  Lessor,  or 
any  other  person,  of  the  patented  processes,  trade  secrets,  or  other 
confidential  or  privileged  technical  information  (hereafter  in  this  section 
called  "technical  processes")  of  the  Lessee  or  any  other  party  whose  technical 
processes  are  embodied  in  improvements  on  the  Leased  Lands  or  used  in 
connection  with  the  lease.  Notwithstanding  any  other  provision  of  this  lease, 
the  Lessor  agrees  that  any  technical  processes  obtained  from  the  Lessee  which 
are  designated  by  the  Lessee  as  confidential  shall:  (1)  not  be  disclosed  to 
persons  other  than  employees  of  the  Federal  Government  having  a  need  for  such 
disclosures;  (2)  not  be  copied  or  reproduced  in  any  manner  except  as  required 
specifically  by  the  Mining  Supervisor;  and  (3)  not  be  used  in  any  manner  that 
will  violate  their  proprietary  nature  unless  the  Mining  Supervisor  shall  make 
a  written  determination  that  such  technical  processes  do  not  contain  trade 
secrets  or  are  not  confidential,  or  unless  such  disclosure  is  required  by 
court  order  or  statute;  provided  however,  that  before  any  such  publication  or 
disclosure,  except  where  the  overriding  national  interest  demands  otherwise, 
the  Mining  Supervisor  shall  notify  the  Lessee  of  the  proposed  disclosure  and 
those  to  whom  the  disclosure  will  be  made,  provide  a  copy  of  the  written 
determination  and  allow  the  Lessee  30  days  to  submit  additional  material 
supporting  its  claim  of  confidentiality  or  otherwise  to  initiate  an  appeal 
from  the  decision  of  the  Mining  Supervisor  prior  to  any  disclosure. 

(b)  In  the  event  the  lease  is  terminated  and  the  Lessor  elects  pursuant  to 
section  32  to  purchase  machinery  or  equipment  the  use  of  which  would  involve 
technical  processes  in  the  operations  of  the  purchased  machinery,  the  Lessor 
shall  have  the  right  to  use  those  technical  processes  in  the  operations  of  the 
purchased  machinery  or  equipment;  provided  chat  (1),  with  respect  to  third 
parties'  technical  processes  which  the  Lessee  has  obtained  the  right  to  use  by 
contract  or  agreement,  the  Lessor  shall  replace  the  Lessee  as  a  party  to  the 

traci       greemenl     id  (2)    I    'espeel        'hni   :    ■     >es      !  , 

the  Lessee  fair  m  rket  value  for  use  of  the  Lessee's  technical  processes  in 
said  operations.  Any  contract  or  agreement  into  which  the  Lessee  shall  enter 
with  a  third  party  for  the  right  to  use  technical  processes  belonging  to  that 
third  party  shall  provide  that  the  Lessor  may  become  a  party  to  that  contract 
it  to  the  extent  that  those  pro  be  used  for  the       :\   'on 

of  the  Leased  Lands.   If  the  Lessee  and  the  Lessor  shall  not  agree  as  to  the 
fair  marl  >t  value  of  the  Les     s  technical  processes,  that  value  shall  be 
'     provided  in  section  32(a)  for  oth  ■  |   >erty  ac  [uir  !  by  the 
Lessor  upon  termination  of  the  lease. 

Section  34.   Lessee's  Liability  to  the  Lessor. 

(a)  The  Lessee  shall  be  liable  to  the  United  States  for  any  damage  suffered 
by  the  United  States  in  any  way  arising  from  or  connected  with  Lessee':, 
activi  '  !  and  op  rations  conducted  pursuant  to  this  lease,  except  '/here 
damage  is  cau  sed  by  employees  of  the  United  Stat  I  ing  within  the  scope  el' 
their  authority. 

(b)  Tl  '  :■•  I  ndemnif  ;  Lesi  I  ' 
ana  a]  I  claims  a]  sing  frora  or  •  connected  with  Lessee's 
operations  under  this  lease. 
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(c)  In  any  erne  where  liability  without  fault  is  imposed  on  the  Lessee 
pursuant  to  this  section,  and  the  damages  involved  were  caused  by  the  action 
of  a  third  party,  the  rules  of  subrogation  shall  apply  in  accordance  with  the 
lav;  of  the  jurisdiction  where  the  damage  occurred. 

Section  3  5.  Appeals .  The  Lessee  shall  have  the  right  of  appeal  (a)  under  43 
CFR  300.4  from  any  action  or  decision  of  any  official  of  the  Bureau,  (b)  under 
30  CFR  231.74  from  any  action,  order,  or  decision  of  any  official  of  the 
Minerals  Management  Service,  or  (c)  under  applicable  regulation  from  any 
action  or  decision  of  any  other  official  of  the  Department,  arising  in 
connection  with  this  lease,  including  any  action  or  decision  pursuant  to 
section  23  of  this  lease  with  respect  to  the  readjustment  of  terms  and 
conditions . 

Section  36.   Interpretation  of  This  Lease. 

(a)  The  paragraph  headings  in  this  lease  are  for  convenience  only,  and  do  not 
purport  to,  and  shall  not  be  deemed  to,  define,  limit,  or  extend  the  scope  or 
intent  of  the  paragraph  to  which  they  pertain. 

(b)  As  used  ii  1  ■  unless  tl  cont  xl  learl;  '  '  se,  a 
word  ,  in  the  masc  il  i  or  neuter  form  shal]  be  in.  p  -  Led  as  equal  .., 
applicable  to  the  masculine,  feminine,  and  neuter  genders,  and  .words  in 
singular  form  shall  be  interpreted  as  equally  applicable  to  singular  and 
plural  numbers. 

(Appropriate  signature  lines) 


OIL  SHALE  LEASE 
ENVIRONMENTAL  STIPULATIONS 

Section  1.   GENERAL 

(A)  Applicability  of  Stipulations.  The  terms,  conditions,  requirements  and 
prohibitions  imposed  upon  Lessee  by  these  Stipulations  are  also  imposed  upon 
Lessee's  agents,  employees,  contractors,  and  sub-contractors,  and  their 
employees.  Failure  or  refusal  of  Lessee's  agents,  employees,  contractors, 
subcontractors,  or  their  employees  to  comply  with  these  Stipulations  shall  be 
deemed  to  be  the  failure  or  refusal  of  the  Lessee.  Lessee  shall  require  its 
agents,  contractors,  and  subcontractors  to  include  these  Stipulations  in  all 
contracts  and  subcontracts  which  are  entered  into  by  any  of  them,  together 
with  a  provision  that  the  other  contracting  party,  and  its  agents,  employees, 
contractors,  and  subcontractors,  and  the  employees  of  each  of  them,  shall 
likewise  be  bound  to  comply  with  these  stipulations. 

(B)  Changes  in  Condition.  These  Stipulations  are  based  on  existing  knowledge 
and  technology .  They  may  be  revised  or  amended  by  mutual  consent  of  the 
Mining  Supervisor,  the  Bureau  District  Manager,  and  the  Lessee  at  any  time  to 
adjust  to  changed  conditions  or  to  correct  an  oversight.  The  Lessor  may  amend 
these  stipulations  at  any  time  without  the  consent  of  the  Lessee  in  order  to 

ike  these  stipulations  consistent  with  any  new  Federal  or  State  statutes  for 
the  protection  of  the  environment  upon  their  enactment  and  with  regulations 
issued  under  those  statutes.  The  Lessee,  the  Lining  Supervisor,  and  the 
Bureau  District  Manager  shall  meet  at  least  once  a  year  to  review  advances  in 
technology  and,  in  a  mutual  endeavor,  weigh  and  decide  the  feasibility  and 
d  of  revising  or  amending  existing  Stipulations. 

The  Lessor  and  the  Lessee  agree  that,  in  this  mutual  endeavor  to  decide  upon 

the  feasibility  and  need  for  amending  the  existing  Stipulations,  they  will  act 

.  ■  '     'a  id  i        ■  to   ike  :he  Lessee's  ictivities    dor 

'  '  '  '         '  "  -  ■ 

end,  systems  which  i      e  pollution  control  devices  shall  possess  n  £j  Lei 
flexibility  to  adopt  improved  technology  at  practicable  intervals  and  shall  be 
constructed  with  the  understanding  that  continued  compliance  with  changing 
pollution  control  laws  is  required. 

(^)   Collection  of  Environmental  Data  and  Monitoring  Program. 

(1)   The  ; shall  develop  and  submit  for  i    oval  oj  the         '      '.;or 

a  comprehensive  environmental  monitoring  program  as  a  part  of  the  exploration 
plan,  required  by  Section  10(d)  of  this  lease. 

The  Lessee,  following  approval  of  the  exploration  plan,  shall  immediately 

implement  the  monitoring  program  which  shall  continue  before,  during,  and 

subsequent  to  development  operations.   The  environmental  monitoring  program 

ill.   be   conducted   until   the   Mining   Supervisor   has   determined   to   his 

satisfaction  that  environmental  conditions  have  been  established  after  the 

termination   of   development   operations   which   are   consistent   with   the 

requirements   of   applicable   Federal.   and   State   Statutes   and-  regulations; 

i  -    he   Lning  Suj   ".  Lsor  ma    irminate   hi     q  t  earli 

:  •:,.•  i   It  is  in  the  public  int  •  .:;t. 


The  purposes  of  the  environmental  monitoring  program  are:  to  determine 
environmental  conditions  existing  prior  to  any  development  operations  under 
the  lease;  to  provide  data  for  the  design  of  an  environmentally  responsive 
detailed  development  plan  required  by  section  10  of  the  lease;  to  provide  a 
record  during  and  subsequent  to  development  of  changes  in  the  environment  from 
conditions  existing  prior  to  development  and  from  control  sites  where 
appropriate;  to  provide  a  continuing  check  on  compliance  with  provisions  of 
the  lease  (including  these  attached  stipulations),  and  all  Federal,  State  and 
local  environmental  protection  and  pollution  control  requirements;  to  provide 
timely  notice  of  detrimental  effects  and  conditions  and;  to  provide  a  factual 
basis  for  revision  or  amendment  of  these  stipulations  pursuant  to  Section  1 
(B)  hereof.  In  determining  conditions  existing  prior  to  development,  the 
Lessee  may  supplement  site  specific  data  with  data  compiled  by  others  as 
approved  by  the  Mining  Supervisor.  The  source  and  substance  of  any  such  data 
shall  be  identified  in  the  exploration  plan  required  by  Section  10(d)  of  the 
lease.  Environmental  data  approved  by  the  Mining  Supervisor  shall  be 
collected  for  at  least  one  full  year  and  a  report  analyzing  the  year's  data 
shall  be  submitted  prior  to  submission  of  the  detailed  development  plan.  The 
environmental  monitoring  program  shall  be  updated  at  the  time  of  submission  of 
the  detail':!  development  plan  and  may,  at  the  discretion  of,  or  with  the 
approval  of  the  Mini-   Su]  i  •...  •  ,  b<  modified  at  any  time  as  necessary  as  a 

j  suit  oi  Ln.fi  '      '      pproval  <   i  :   em ;  ■  I    litoring 

prog:  •  . 

The  detailed  development  plan  required  by  Section  10  of  the  lease,  shall  at 
the  discretion  of,  or  with  approval  of  the  Mining  Supervisor,  be  modified  at 
any  time  as  necessary  as  a  result  of  study  of  the  monitoring  data  obtained 
after  approval  of  the  detailed  development  plan.  Exploratory  operations  as 
approved  by  the  Mining  Supervisor,  shall  be  permitted  during  the  collection  of 
environmental  data. 

(2)  In  conducting  the  environmental  monitoring  program,  the  Lessee  shall 
adopt  the  following  methods  and  shall  obtain  the  information  required  below. 
The  location  and  number  of  testing  and  sampling  installations  shall  be 
determined  by  the  Lessee  unless  otherwise  directed  by  the  Mining  Supervisor. 
The  environmental  monitoring  program  shall  include  a  quality  assurance  program 
approved  by  the  Mining  Supervisor  which  demonstrates  sound  experimental  design 
consistent  with  the  current  state-of-the-art  to  assure  high  quality  data 
collection,  the  Lessee  shall  initiate  appropriate  analytical  and  statistical 
determination  of  significant  changes  and  trends.  In  the  design  and  operation 
of  the  environmental  monitoring  program,  the  Lessee  shall  collect  data  for  the 
duration  of  activities  on  the  leased  tract  unless  otherwise  directed  by  the 
Mining  Supervisor.  Intra  and  interrelationships  among  biotic  and  abiotic 
parameters  shall  be  determined,  evaluated,  and  reported  for  direct  and 
indirect  impacts.  The  quality  assurance  program  shall  include,  but  not  be 
limited  to:  quality  control  by  standard  reference  materials,  such  as  those 
available  through  established  criticia  of  acceptability  (e.g.,  EPA  Air  Quality 
Handbook  and  10  CFR  Part  50  Appendix  D);  method  and  frequency  of  calibration 
and  maintenance,  and  testing  programs  to  identify  and  quantify  data  validity 
and  anomalies. 

The  Lessee  shall  maintain  records  of  all  information  obtained  under  the 
environmental  monitoring  program  and  shall  submit  such  records  to  the  Mining 
Supervisor  in  a  format  and  at  intervals  to  be  prescribed  by  him.   Lessee  shall 


to 


promptly  notify  the  Mining  Supervisor  of  detrimental  effects,  conditions,  and 
trends.  In  addition  to  the  report  analyzing  the  first  year's  environmental 
data,  the  Lessee  shall  submit  quarterly  progress  reports  during  the  collection 
of  the  first  year's  data.  Not  more  than  one  year  after  obtaining  approval  of 
the  detailed  development  plan  and  on  each  subsequent  anniversary  date  the 
Lessee  shall  submit  to  the  Mining  Supervisor  a  report  of  the  environmental 
monitoring  programs  as  a  part  of  the  required  annual  progress  reports  on  the 
development  program.  This  portion  of  the  annual  report  will  be  subject  to 
public  review  and  comment.  The  reports  required  by  this  paragraph  and  other 
reports  required  by  the  Mining  Supervisor  shall  be  submitted  in  quantities  to 
be  determined  by  him. 

(a)  Surface  Water.  The  Lessee  shall  construct  gauging  stations  on  the  major 
drainages  of  the  leased  lands  and,  as  required  by  the  Mining  Supervisor, 
upstream  and  downstream  from  the  leased  lands.  Data  collected  at  the  stations 
shall  include  continuous  streamflow  records,  continuous  specific  conductance 
records,  continuous  water  temperature  records,  continuous  precipitation 
records,  continuous  sediment  records,  and  as  directed  by  the  Mining 
Supervisor,  periodic  analyses  for  selected  inorganic  and  organic  chemical 
constituents.  Precipitation  records  shall  include,  data  on  short-term 
intensity  of  precipitation  and  on  the  chemical  constituents  in  precipatation 
as  approved  by  or  as  directed  by  the  Mining  Supervisor.  The  Lessee  shall 
obtain  data  on  the  physical  and  chemical  character  of  stream  sediments  at 
gauging  stations  and  at  other  appropriate  locations  on  streams  that  drain 
areas  on  and  about  the  tract  as  directed  by  the  Mining  Supervisor.  The  Lessee 
shall  compile  an  inventory  of  water  features  such  as  wells,  springs  and  seeps 
on  and  about  the  lease  tract.  Such  inventory  shall  include  biotic  and  abiotic 
Information,  such  as  flow  and  physical  and  chemical  properties  or  features, 
and  utilization  of  such  hydroiogic  features  by  flora  and  fauna. 

(b)  Groundwater .  At  each  proposed  or  actual  mine  site,  the  Lessee  shall 
drill  a  tost  well    '  shall,  n  directed  '  y    the  Minin   Su]  i  ydsor ,       :   one 

irvation  •  C         he 

he         hall  i      t    aples  oJ     LI  cuttin        ;ha.1      i         ,al 

logs  as  directed  by  the  Mining  Supervisor.   The  Lessee  shall  isolate  each 

water  bearing  zone  penetrated  by  the  test  wells  and  shall  conduct  aquifer 

tests  on  each  zone,  as  approved  by  or  as  directed  by  the  Mining  Supervisor. 

■  '■  '■  t  isting  shall  be  for  the  purpose  of  obt  u  '•..".  info  tion  .bout  I 
water-bearing  characteristics  of  each  zone  and  about  the  effects  of  pumping  on 
wells,  springs,  seeps,  and  streams  in  the  area.  The  Lessee  shall  dei  one 
the.  qua]  Lty  during  aq  i  •:  tests  by  analyzing  water  samples  for  organic 
and  inorganic  chemical  constituents,  including,  without  L  is,  trace 
constituents  subject  to  drinking  water  standards  and  water  pollution  control 
regulation  ..  e  Mining  Supervisor  may  require  analysis  of  samples  for  such 
additional  constituents  as  he  may  deem  necessary.  After  the  initial  test,  the 
lessee  shall  collect  water  samples  from  each  well  at  intervals  directed  by  the 
Mining  Supervisor  and  analyze  them  for  evidence  of  trends  in  water  quality  as 
determined  by  comparing  the  analyses  with  previous  analyses. 

The  Lessee  shall  complete  at  least  one  observation  well  upgradient  from  each 
impoundment  and  raw  or  spent  shale  disposal  site  and  at  least  two  observation 
well        '  ;  [  i  il  from  these  sites       >ths  an  Lified  by  the 

Lnj       srvisor.   L'he  lining  Su]   asor  ms  Ltd  ■       Lon 

wells  both  on  and  off  the  lease  tract  to  quantify  effects  on  gr<   d   ter 
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hydrology  and  to  provide  adequate  monitoring  of  the  water  quality  of  aquifers 
or  water-bearing  zones.  The  Lessee  shall  record  water  levels  and  temperatures 
in  each  observation  well  pursuant  to  a  measurement  schedule  established  by  the 
Mining  Supervisor.  The  Lessee  shall  determine  the  water  quality  of  each 
observation  well  by  analyzing  samples  for  organic  and  inorganic  constituents, 
including,  without  limitation,  trace  constituents  subject  to  drinking  water 
standards  and  water  pollution  controls.  The  Mining  Supervisor  may  require 
analysis  of  samples  on  such  a  schedule  and  for  such  additional  constituents  he 
may  deem  necessary.  After  the  initial  test  of  an  observation  well,  the  Lessee 
shall  collect  water  samples  from  the  well  at  intervals  directed  by  the  Mining 
Supervisor  and  analyze  them  for  evidence  of  trends  in  water  quality  as 
determined  by  comparing  the  analyses  with  previous  ana1   ss. 

(°)  Air  Quality  and  Meteorology.  The  Lessee  shall  submit  for  the  Mining 
Supervisor's  approval  an  Air  Quality  and  Meteorology  monitoring  program 
designed  to  define  the  existing  environment,  define  meteorology  factors  which 
might  influence  the  transport  and  diffusion  of  pollutants  which  might  be 
emitted  by  source  on  or  near  the  tracts,  identify  the  meteorology  of  the  area 
for  detailed  planning  purposes,  monitor  impacts  of  lease  development  and 
operation  on  air  quality,  determine  source  and  magnitude  of  plant  emissions, 
and  provide  formal  Lon  for  plant  operation  to  minimize  impacts  of 
■   ■  -   '  r:  • 

In  the  collection  of  data  to  meet  the  above  stated  objectives,  the  Lessee 
shall  record  air  quality,  using  strategically-located  stations.  The  number 
and  location  of  stations  shall  be  recommended  by  the  Lessee  and  approved  by 
the  Mining  Supervisor.  Once  established  pursuant  to  this  stipulation  the 
number  and  location  of  such  stations  shall  not  be  changed  except  by  mutual 
consent  of  the  Mining  Supervisor  and  Lessee. 

The  Lessee  shall  collect  air  quality  data  for  all  pollutants  that  the  Mining 
Supervisor  determines  are  necessary,  based  on  the  Lessees'  submittal  of  a 
detailed  description  of  emissions  anticipated  during  development,  including 
but  not  limited  to  sulphur  dioxide,  hydrogen  sulphide,  suspended  particulates, 
hydrocarbons,  oxides  of  nitrogen,  ozone,  and  carbon  monoxide. 

In  addition,  the  Lessee  shall  establish  a  meteorological  station  in  reasonable 
proximity  to  each  proposed  plant  site  to  record,  at  a  minimum,  wind  direction 
and  speed  (vane  and  anemometer)  at  two  levels,  one  at  least  30  meters  above 
the  surface  of  the  plant  site,  one  at  approximately  10  meters  above  the 
surface  of  the  plant  site,  and  temperature  at  two  levels,  one  at  least  30 
meters  above  the  surface  of  the  plant  site,  and  one  at  approximately  10  meters 
above  the  surface  of  the  plant  site,  and  humidity  at  the  lower  level.  An 
upper  air  data  collection  program  shall  be  implemented  as  deemed  necessary  by 
the  Mining  Supervisor  for  the  purpose  of  obtaining  information  for  diffusion 
modeling. 

(d)  Flora  and  Fauna.  The  Lessee  shall  conduct  studies  of  the  flora  and  fauna 
of  the  leased  lands  and  of  all  other  lands  lying  within  a  mile  of  tbe  leased 
lands,  and  of  all  lands  to  be  used  for  disposal  of  residues  from  mining  and 
processing  oil  shale  and  associated  minerals,  and  also  of  the  aquatic  habitat 
as  far  downstream  as  the  Mining  Supervisor  shall  require.  The  selection  of 
sampling  periods  for  these  studies  will  be  based  on  the  latest  available 
scientific  information,  and  must  be  approved  by  the  Mining  Supervisor.   Flora 
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studLes  will  determine  species  composition,  condition,  density,  cover, 
productivity,  and  utilization  by  terrestrial  fauna  and  by  vegetation  type  and, 
where  applicable,  aquatic  fauna.  Fauna  studies  will  determine  species, 
population  indices  and/or  density,  behavior  parameters,  daily  and  seasonal 
movement  patterns,  and  habitat  utilization  and  preference  for  terrestrial 
fauna  and,  where  applicable,  aquatic  fauna. 

(e)  Soil  Survey  and  Productivity  Assessment.  The  Lessee  shall  conduct  an 
intensive  soil  survey  and  productivity  assessment  of  all  portions  of  the 
leased  lands  not  previously  mapped  by  the  Soil  Conservation  Service  with  a 
Class  I  survey.  This  survey  must  include  the  preparation  of  maps,  tables,  and 
reports  describing  soil  types  and  series,  depth  of  the  various  layers  of  soil 
horizons,  but  not  more  than  a  depth  of  50  feet  from  the  surface,  strike  and 
dip  of  the  material,  slopes,  solar  exposure,  vegetative  cover,  erodability, 
and  other  physiographic  freatures  as  required  by  the  Mining  Supervisor.  The 
Soil  Conservation  Service  standard  procedures  shall  be  used  in  meeting  the 
requirements  of  this  stipulation.  A  soil  chemistry  program,  approved  by  the 
Mining  Supervisor,  is  required  for  all  areas  to  be  directly  affected  by 
on-tract  operations. 

(3)  The  environmental  monitoring  program  shall  be  an  integral  part  of  the 
detailed  development  plan  required  in  Section  10  of  the  lease,  and  at  the  time 
of  the  submission  of  the  plan  the  Lessee  shall  provide  the  Mining  Supervisor 
with  a  complete  compilation  of  the  baseline  data  collected  above  and  the 
record  of  the  monitoring  program  for  any  period  subsequent  to  the  conclusion 
of  that  compilation. 

(4)  Not  more  than  one  year  after  obtaining  approval  of  the  detailed  mining 
plan  and  on  each  subsequent  anniversary  date  the  Lessee  shall  submit  to  the 
Mining  Supervisor  a  report  of  the  baseline  data  collected  and  a  report  of  the 
monitoring  programs  as  a  part  of  the  required  annual  progress  reports  on  the 

nt  pro;       ThJ  i   >rtlon  of  the  tm  i.  I  report  tfill  be  sub.jed   to 

I  COO! 

(D)  Emergency  Decisions.'  Any  decisions  or  approvals  of  the  Mining  Supervisor 
required  by  these  Stipulations  to  be  in  writing  may  in  emergencies  be  issued 
orally,  wi  tli  written  confirmation  as  soon  thereafter  as  possible. 

(E)  Phivironmental  Briefing.  During  the  life  of  this  Lease,  Lessee  shall 
provide  that  such  Federal  and  State  employees  as  may  be  designated  by  the 
Mining  Supervisor  shall  be  bri  if  i d  on  envi  ntal  and  other  ;  srl  Lnent 
matters.  The  Lessee  shall  provide  for  such  briefings  upon  the  request  of  the 
Mining  Supervisor,  but  the  Mining  Supervisor  shall  request  only  such  briefings 
as  may  be  reasonably  necessary  to  effectuate  the  provisions  of  this  Lease. 
Lessee  shall  make  arrangements  for  the  time,  place,  and  attendance  at  such 
briefings.  Lessee  shall  bear  all  costs  of  such  briefings  other  than  salary, 
per  diem,  subsistence  and  travel  costs  of  Federal  and  State  employees. 

(F)  Construction  Standards.  The  general  design  of  all  buildings  and 
structures  shall  comply  with  the  latest  edition  of  the  Uniform  Building  Code 
(U.B.C.).   Structural  steel  shall  be  designed  in  accordance  with  the  latest 

i  t  ion  of  the  A    Lc«  i  Lns1  Ltute  of  Steel  Construction  "•'•  is  for 

Design,   Fal     tion   and   Erection   of   Structural   Stee]    >r  •' 

Reinforced  concrete  shall  comply  with  the  latest  edition  of  the  "American 
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Concrete  Institute's  Building  Code  Requirements  for  Reinforced  Concrete." 
Engineering  works  for  impoundments  shall"  conform  to  standard  engineei  Ln.g 
practice  sufficient  to  withstand  the  100-year  flood  in  the  drainage  in  which 
installed.  All  impoundments  shall  be  constructed  to  minimize  leakage,  unless 
otherwise  authorized  by  the  Mining  Supervisor. 

(G)  Housing  and  Welfare  of  Employees.  The  Lessee,  in  the  exercise  of  his 
right  under  section  2  of  the  Lease  to  construct  buildings  and  other  facilities 
for  the  housing  and  welfare  of  his  employees,  shall  at  all  times  make  certain 
that  these  facilities  are  situated,  constructed,  operated,  and  maintained  in 
an  orderly  manner,  satisfactory  to  the  Mining  Supervisor.  While  no  general 
restriction  is  imposed  upon  the  construction  of  facilities  necessary  to  the 
employees'  health  and  well-being,  such  construction  shall  be  subject  to  the 
Miring  Supervisor's  approval  and  shall  not  unreasonably  damage  the  environment 
of  the  leased  lands. 

(H)  £.i£iLa±.ra£.'  ■'■ne  carrying  of  firearms  by  employees  while  on  the  job  or  in 
company  owned  vehicles,  with  exception  of  security  guards,  shall  be 
prohibited . 

(I)   Post  in;  of  '"  and  Plan;  ,   The  Lessee  shall  ensure  that  copies 

IripuJ  an;  ■  nt  plans 

avi     >   at  the  operating  sites  and  for  inspection  by  all  on-the-gro 
operating  personnel.   Notice  prohibiting  carrying  of  firearms  onto  the  tract 
by  employees  shall  be  prominently  displayed  at  all  entrances  to  the  tract. 

(J)  Employee  Transportation .  The  lessee  shall  use  mass  transit  of  employees 
wherever  possible  to  reduce  chance  of  accidents,  traffic  congestion,  and  road 
kill  of  wildlife. 

Section  2.   ACCESS  AND  SERVICE  PLANS 

(A)  Transportation  Corridor  Plans.  The  Lessee  shall  provide  corridor  plans 
for  roads,  pipelines  and  utilities  on  the  Leased  Lands  for  approval  by  the 
Mining  Supervisor.  Each  plan  shall  include  probable  major  design  features  and 
plans  for  the  protection  of  the  environment,  control  of  pollution, 
minimization  of  erosion,  rehabilitation  and  revegetation  of  all  disturbed 
areas  not  required  in  operation  of  the  transportation  system,  both  during  and 
after  construction.  The  Lessee  shall,  to  the  maximum  extent  practicable,  make 
use  of  multi-use  corridors  for  roads,  pipelines  and  utilities. 

(B)  Regulation  of  Public  Access.  After  road  construction  is  completed,  the 
Lessee  shall,  upon  consultation  with  the  Lessor,  permit  reasonable,  free  and 
unrestricted  public  access  to  and  upon  the  road  and  rights-of-way  for  all 
lawful  and  proper  purposes  except  In  plant  sites,  mine  sites,  disposal  areas, 
and  other  operational  areas  which  may  be  closed  to  the  general  public.  The 
Lessee  shall  regulate  public  access  and  public  vehicular  traffic  as  required 
to  facilitate  operations  and  to  protect  the  public  and,  to  the  extent 
reasonable,  livestock  and  wildlife  from  hazards  associated  with  construction. 
For  this  purpose  the  Lessee  shall  provide  warnings,  flagmen,  barricades,  and 
other  safety  measures  as  necessary.  Whenever  the  Mining  Supervisor  shall 
determine  that  the  Lessee's  regulation  of  access  and  traffic  is  unreasonable, 
or  that  the  Leseee's  provision  of  safety  measures  is  inadequate,  he  shall  so 
inform  the  Lessee  who  shall  immediately  take  corrective  measures. 
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(C)  Existing  and  Planned  Roads  and  Trails.  Where  feasible,  the  Lessee  shall 
use  existing  roads  and  trails.  Unless  the  Mining  Supervisor  shall  direct 
otherwise,  roads  and  trails  shall  be  located,  constructed,  maintained,  and 
closed  according  to  the  specifications  of  the  Bureau  of  Land  Management  and 
shall  include  drainage  structures  where  needed. 

(D)  Waterbars  and  Breaks .  The  Lessee  shall  divert  runoff  from  roads  and 
uphill  slopes  by  means  of  waterbars,  waterbreaks,  or  culverts  constructed  in 
accordance  with  Bureau  specifications. 

(E)  Pipeline  Construction  Standards.  In  the  design  and  construction  of  oil 
pipelines  and  the  choice  of  materials  for  them,  the  Lessee  shall  follow  the 
standards  (wherever  they  may  be  made  applicable)  established  by  the  Department 
of  Transportation  and,  if  these  standards  should  ever  be  revised, 
supplemented,  or  superseded,  shall  follow  the  new  standards  in  new 
construction.   These  standards  include: 

(i)   49  CFR  192,  Transportation  of  Natural  and  Other  gas  by  pipeline;  and 
(2)   A  9  CFR  195,  Transmission  of  Liquids  by  pipeline. 

(F)  Pipeline  Safety  Standards.  The  Lessee  shall  meet,  where  applicable,  the 
safety  standards  and  reporting  requirements  set  forth  in  the  following,  as  now 
in  effect  and  as  hereafter  amended,  or,  if  these  regulations  should  be 
superseded,  the  regulations  or  other  rules  superseding  them: 

(1)  49  CFR,  Part  190,  Interim  Minimum  Federal  Safety  Standards; 

(2)  49  CFR,  Part  191,  Report  of  Leaks; 

(3)  49  CFR,  Part  192,  Transportation  of  Natural  and  Other  Gas  and  Water; 

(4)  49  CFR,  Part  195,  Transmission  of  Liquids  by  pipeline; 

(G)  '    :    <         tlves.    The  [        hall     iure   that  oil    'a     '  ■ 

gns  -  h    ■  ,■'.-.: 

compressor  station  and  such  additional  va]   s  as  may  be    :     y  ./  of: 

(1)  Terrain  and  drainage  systems  traversed, 

(2)  Population  centers, 

(3)  Wildlife  and  i"  •...'.!>  ry  habitat, 

(4)  Public  water  supplies  and  significant  water  bodies, 

(5)  Hazardous  geologic  areas,  and 

(6 )  Sc enic  Values . 

The  Lessee  shall  install  any  additional  valves  required  by  the  Mining 
Supervisor  . 

(11)  Pipeline  Corrosion.  With  regard  to  oil  .  transportation  pipelines,  the 
Lessee  shall  submit  detailed  plans  to  the  Mining  .Supervisor  for 
corrosion-n  it  design  and  methods  for  early  detection,  of  pipeline 
corrosion.   These  shall  include: 

(1)   Pipe  material  and  welding  techniques  to  be  used  and  information  on  their 
trtii  tlar  suil  :.  i  '  L  ty  for  i;l>   i  ivii     nt  Lnvolved; 
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(2)  Details  on  the  external  pipe  protection  to  be  provided  (coating, 
wrapping,  etc.),  including  information  on  variation  of  the  coating  process  to 
cope  with  variations  in  environmental  factors; 

(3)  Plans  for  cathodic  protection  including  details  of  impressed  ground 
sources  and  controls  to  ensure  continuous  maintenance  of  adequate  protection 
over  the  entire  surface  of  the  pipe; 

(4)  Details  of  plans  for  monitoring  cathodic  protection  current  including 
spacing  of  current  monitors;  and 

(5)  Provision  of  periodic  surveys  of  trouble  spots,  regular  preventive 
maintenance  surveys,  regular  surveys  for  external  and  internal  deterioration 
which  mr.y  result  in  failure,  and  special  provisions  for  abnormal  potential 
patterns  resulting  from  crossings  with  other  pipelines  or  cables. 

(I)   El  ex     ■  Tj  ::'     ion  F;  '•         Lessee  shall  design  and  construct 

telegraph,  telephone,  electric  powerlines,  distribution  lines  and  other 
transmission  facilities  in  accordance  with  the  guidelines  set  forth  in 
"environmental  criteria  for  electric  transmission  system"  (USDI,  USDA,  1970), 
as  now  or  in  the  future  amended,  or  if  these  guidelines  should  be  superseded, 
Ln  \  i  •     J     them.      tribution  lj   s  shall 

and.  cc  ueted  in  ace:  .  th  illetin  61-10  (Pow<  Line 
contacts  by  Eagles  and  other  Large  Birds),  as  now  or  in  the  future  amended, 
or,  if  these  guidelines  should  be  superseded,  in  the  guidelines  or  other  rules 
superseding  them. 

(J)  Natural  Barriers.  Where  a  road  or  exploratory  site  cuts  a  natural 
barrier  used  for  livestock  control,  the  Lessee  shall,  at  his  own  expense, 
close  the  opening  by  the  use  of  a  fence  or  other  suitable  barrier  meeting 
Bureau  Standards. 

(K)  Specifications  for  Fences,  and  Cattleguards .  Fences  and  cattleguards 
constructed  by  the  Lessee  shall  meet  established  Bureau  specifications  and 
standards. 

(^)  Crossings .  The  Lessee  shall  take  all  steps  necessary  to  make  certain 
that  roads  constructed  under  this  lease  do  not  prevent  or  unreasonably  disrupt 
the  use  of  existing  roads,  foot  trails,  pipelines,  and  other  right-of-way  or 
major  animal  migration  routes.  This  requirement  shall  include  the 
construction  of  suitable  overhead  or  underground  crossings  where  they  are 
determined  to  be  necessary  by  the  Mining  Supervisor. 

(M)  Alternate  Routes.  If  during  construction  the  Lessee's  activities  shall 
interfere  with  the  free  use  of  existing  roads  and  trails  used  by  persons, 
whether  or  nor  recorded,  he  shall  provide  such  alternate  roads  and  trails  as 
the  Mining  Supervisor  may  determine  to  be  needed. 

(N)  Off-Road  Vehicle  Use.  The  Lessee  shall  use  off-road  vehicles  in  a  manner 
consistent  with  applicable  regulations. 

Section  3.   FIRE  PREVENTION  AND  CONTROL 

(A)   Instructions  of  the  Mining  Supervisor. 
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(1)  The  Lessee  shall  comply  with  the  instructions  and  directions  of  the 
Mining  Supervisor  concerning  the  use,  prevention  and  supression  of  fires,  and 
shall  make  every  reasonable  effort  to  prevent,  control  and  suppress  any  fire 
on  land  subject  to  the  lease.  Uncontrol led  fires  must  be  immediately  reported 
to  the  Mining  Supervisor. 

(2)  (a)  The  Lessee  shall  construct  fire  lines  or  perform  clearing  when 
determined  by  the  Mining  Supervisor  to  be  necessary  for  forest,  brush  and 
grass  fire  prevention. 

(b)  The  Lessee  shall  comply  with  the  National  Fire  Codes  on  handling,  trans- 
portation, storage,  use  and  disposal  of  flammable  liquids,  gases,  and  solids. 

(c)  The  Lessee  shall  take  all  appropriate  actions  to  prevent  oil  shale 
outcrop  fires. 

(B)  Mobility  of  Lessee.  The  control  and  suppression  of  any  fires  on  the 
leased  lands  (or  on  adjoining  public  lands  which  have  spread  from  the  leased 
lands)  caused  by  the  Lessee  or  his  employees,  contractors,  subcontractors,  or 
agents  shall  be  at  the  expense  of  the  Lessee.  Upon  the  failure  of  the  Lessee 
to  control  and  suppress  such  fires  in  a  manner  satisfactory  to  him,  the  Mining 
Supervisor  shall  take  such  steps  as  are  necessary  to  control  and  suppress  the 
fire,  either  alone  or  in  conjunction  with  other  Federal,  State,  and  local 
authorities,  and  the  cost  of  such  control  and  suppression  shall  be  borne  by 
the  Lessee. 

Section  4.   HABITAT  MANAGEMENT 

(A)  Exploration  Period.  The  Lessee  will  submit,  as  part  of  the  exploration 
plan,  a  vegetation  plan  for  all  areas  to  be  disturbed  during  the  exploration 

or  to    '  the   inin      i         ;  I  : 

;sar 

(B)  Development  Period.  The  Lessee  shall  submit  for  approval  by  the  Mining 
Supervisor,  as  a  part  of  the  detailed  development  plan,  a  habitat  management 
plan  which  shall  include  the  steps  which  the  Lessee  shall  take  to: 

(1)  Avoid  or,  where  avoidance  is  impracticable,  minimize  damage  to  fish  and 
wildlife  habitat,  including  water  supplies; 

(2)  Restore  such  habitat  in  the  event  it  is  unavoidably  destroyed  or 
damaged ; 

(3)  Provide  alternate  habitats;  and 

(4)  Provide  controlled  access  to  the  public  for  the  enjoyment  of  the  wildlife 
re  un  is  on  such  lands  as  may  be  mutually  agreed  upon.  The  plan  shall 
include,  but  not  be  limited  to,  detailed  information  on  activity  .; ,  time 
schedule,  performance  standards,  proposed  accomplishments,  and  ways  and  means 
of  avoiding  or  minimizing  environmental  impacts  of  fish  and  wildlife. 


VI 


(C)  Mitigation  of  Damage.  Wherever  destruction  or  significant  disturbance  of 
fish  and  wildlife  habitat-  not  foreseen  in  the  detailed  development  plan,  will 
or  does  occur s  the  Lessee  shall  submit,  for  the  Mining  Supervisor's  approval 
at  least  60  days  prior  to  the  destruction  or  damage  of  the  habitat,  those 
measures  which  the  Lessee  proposes  to  take  to  comply  with  the  requirement  of 
30  CFR  231.4(b),  as  now  in  effect  or  as  hereafter  amended  or,  if  that 
regulation  should  be  superseded,  the  regulation  of  other  rules  superseding  it, 
to  avoid,  or  where  avoidance  is  impracticable,  minimize  and  repair,  injury  or 
destruction  of  fish  and  wildlife  and  their  habitat.  As  a  general  rule,  the 
proposed  measures  should  provide  for  habitat  of  similar  type  and  equal  in 
quantity  and  quality  to  that  destroyed  or  damaged.  The  Mining  Supervisor 
shall,  within  60  days  after  the  submission  of  the  proposed  measures  to  him, 
either  approve  or  disapprove  them.  If  he  shall  approve  them,  the  Lessee  shall 
execute  the  proposed  measures  for  the  mitigation  of  the  destruction  or  damage 
of  the  habitat.  If  the  Mining  Supervisor  shall  disapprove  the  measures,  he 
shall  offer  the  Lessee  an  opportunity  for  consultation  at  which,  whenever 
possible,  he  11  inform  the  Lessee  of  pay  changes  which  will  make  the 
measures  acceptable. 

(D)  Big  Game.  The  Lessee  shall  construct  big  game  drift  fences  when  and 
whi  re  nc      y  to  dired  )■'   ;  game  movement  around  or  away  from  oil  shale 

«" 

(E)  Posting  of  Notices.  The  Lessee  shall  post  in  reasonable  and  conspicuous 
places  notices  informing  its  emplo}rees,  agents,  contractors,  subcontractors, 
and  their  employees  of  all  applicable  laws  and  regulations  governing  hunting, 
fishing,  and  trapping. 

Section  5.   HEALTH  AND  SAFETY 

(A)  In  General.  The  Lessee  shall  take  all  measures  necessary  to  protect  the 
Health  and  Safety  of  all  persons  affected  by  its  activities  and  operations  and 
shall  immediately  abate  any  activity  or  condition  which  threatens  the  life  of 
any  person  or  which  threatens  any  person  with  bodily  harm. 

(B)  Compliance  with  Federal  Health  and  Safety  Laws  and  Regulations.  The 
Lessee  shall  comply  with  the  Federal  Metal  and  Non-metallic  Mine  Safety  Act  of 
1966  (30  U.S.C.  721-740),  as  now  in  effect  or  as  hereafter  amended,  or  if  it 
should  be  superseded,  with  the  statute  superseding  it,  and  the  Occupational 
Health  and  Safety  Act  of  1970  (29  U.S.C.  651-678), 'as  now  in  effect,  or  as 
hereafter  amended,  or,  if  it  should  be  superseded,  with  the  statute 
superseding  it,  and  all  health  and  safety  standards  promulgated  pursuant 
thereto . 

(C)  Use  of  Explosives.  The  Lessee  shall  ensure  that  all  blasting  operations, 
including  the  purchase,  handling,  transportation,  storage,  use,  and 
destruction  of  blasting  agents  are  performed  in  conformance  with  Public  Law 
91-452,  October  15,  1970  (18  U.S.C.  88841-848),  as  now  in  effect  or  as 
hereafter  amended,  or  if  it  should  be  superseded,  with  the  statute  superseding 
it,  and  the  regulations  promulgated  thereunder  which  are  now  in  26  CFR  181. 

Section  6.   HISTORIC  AND  SCIENTIFIC  VALUES 

(A)   Cultural  Resources. 
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(1)  Before  undertaking  any  activities  that  may  disturb  the  surface  of  the 
leased  lands,  the  lessee  shall  conduct  a  cultural  resource  field  inventory  in 
a  manner  specified  by  the  Mining  Supervisor  on  portions  of  the  area  that  may 
be  adversely  affected  by  lease-related  activities  and  which  were  not 
previously  inventoried.  '  The  inventory  shall  be  conducted  by  a  qualified 
professional  cultural  resource  specialist  (i.e.  archaeologist,  historian,  or 
historical  architect,  as  appropriate),  approved  by  the  Mining  Supervisor.  A 
report  of  the  inventory  and  recommendations  for  protecting  any  cultural 
resources  identified  shall  be  submitted  to  the  Mining  Supervisor.  The  Lessee 
shall  undertake  measures,  in  accordance  with  instructions,  from  the  Mining 
Supervisor,  to  protect  cultural  resources  on  the  leased  lands.  The  lessee 
shall  not  commence  the  surface  disturbing  activities  until  permission  to 
proceed  is  given  by  the  Mining  Supervisor. 

(2)  The  lessee  shall  protect  all  known  cultural  resource  properties  within 
the  lease  area  from  lease-related  activities  until  the  cultural  resource 
mitigation  measures  can  be  implemented  as  part  of  the  detailed  development 
plan. 

(3)  The  cost  of  conducting  the  preparing  reports,  and  carrying  out  inventory 
preparing  reports,  and  carrying  out  mitigation  measures  shall  be  borne  by  the 
lessee . 

(4)  If  cultural  resources  are  discovered  during  operations  under  this  lease, 
the  lessee  shall  immediately  bring  them  to  the  attention  of  the  Mining 
Supervisor.  The  lessee  shall  not  disturb  such  resources,  except  as  may  be 
subsequently  authorized  by  the  Mining  Supervisor.  As  soon  as  practicable,  the 
Mining  Supervisor  will  evaluate  or  have  evaluated  any  cultural  resources 
discovered  and  will  determine  if  any  action  may  be  required  to  protect  or 
preserve  such  discoveries.   The  cost  of  data  recovery  for  cultural  resources 

1      >red  during  !   se  oj   itions . 

( B )   Pale o a t o 1 o g i c a . I  Resources  . 

(1)  Before  undertaking  any  activities  that  may  disturb  the  surface  of  the 
leased  lands,  the  Lessee  shall  contact  the  Mining  Supervisor  to  determine 

her  the  '        .:  I  be  required  to  conduct  a  paleo  tologii  sal  oj 

the  mine  plan  and  adjacent  areas,  or  exploration  plan  areas,  that  may  be 
adversely  affected  by  lease-related  activities.  If  it  is  del  Lned  that  one 
is  7,  the  pal  ,'....!  |  iraisal  shall  be  conducted  by  a  q 
paleontologist  appro-.  by  the  Mining  Supervisor  using  published  literature 
and,  where  appropria  the  field  appraisals  for  determining  the  possible 
existence  of  fossils  of  scientific  significance.  A  report  of  the  appraisal 
and  recommendations  for  protecting  any  fossils  of  significant  scientific 
interest  on  the  leased  lands  so  identified  shall  be  submitted  to  the  Mining 
Supervisor.  When  necessary  to  protect  and  collect  the  fossils  of  significant 
scientific  interest  on  the  leased  lands,  the  lessee  shall  undertake  the 
measures  provided  in  the  approval  of  the  mining  and  reel  .  Ltion  plan  or 
exploration  plan. 

(2)  T.\   !   Lessee   hal]   not  kno  tlngly   llsturb,    U   .   '     »y  or  tal 
fossils  of  significant  i    ntif ic  intei   t,  and  sh  I         all  such 

in  conformance  with  the  measures  included  in  the  approval  of  the  detailed 
development  plan  or  exploration  plan. 
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(3)  The  Lessee  shall  immediately  bring  an}'  such  fossils  that  might:  be  altered 
or  destroyed  by  his  operations  to  the  attention  of  the  Mining  Supervisor. 
Operations  may  continue  as  long  as  the  fossil  specimen  or  specimens  would  not 
be  seriously  damaged  or  destroyed  by  the  activity.  The  Mining  Supervisor 
shall  evaluate  or  have  evaluated  such  discoveries  brought  to  his  attention  as 
soon  as  possible  and  shall  notify  the  lessee  as  to  what  action  shall  be  taken 
with  respect  to  such  discoveries. 

(A)  All  such  fossils  of  significant  scientific  interest  shall  remain  under 
the  jurisdiction  of  the  United  States.  Copies  of  all  paleontological  resource 
data  generated  as  result  of  the  lease  term  requirements  will  be  provided  to 
the  Mining  Supervisor. 

(5)  The  cost  of  any  required  salvage  of  such  fossils  shall  be  borne  by  the 
Lessee . 

(6)  These  conditions  apply  to  all  such  fossils  of  significant  scientific 
interest  discovered  within  the  lease  area  whether  discovered  in  the 
overburden,  interburden,  or  any  mining  zone. 

:'        :  ,   OIL  '    ., 

(A)  Spill  Contingency  Plans.  The  Lessee  agrees  to  submit  spill  contingency 
plans  to  the  Mining  Supervisor  with  the  detailed  development  plan.  This  plan 
shall  provide  for  the  control  of  spills  of  oil  or  other  hazardous  substances 
which  for  purposes  of  this  section  7  shall  be  defined  in  set-lion  311(a)  (14)  of 
the  Federal  Water  Pollution  Control  Act,  as  amended  (86  Stat.  816,  863),  as 
now  in  effect  of  as  hereafter  amended,  or  if  it  should  be  superseded,  the 
statute  superseding  it. 

The  plans  shall  conform  to  this  stipulation  and  the  National  Oil  and  Hazardous 
Substances  Pollution  Contingency  Plan,  36  FR  1621!;,  August  20,  1971,  as  now  in 
force  or  as  hereafter  amended,  or,  if  it  shall  be  superseded,  the  document 
superseding  it,  and  shall:  (1)  include  a  description  of  positive  spill 
prevention  efforts  which  the  lessee  shall  make;  (2)  include  provisions  for 
spill  control;  (3)  provide  for  immediate  corrective  action  including  spill 
control  and  restoration  of  the  affected  resource;  (A)  provide  that  the  Mininj 
Supervisor  shall  approve  any  material  or  devices  used  for  spill  control  and 
shall  approve  any  disposal  sites  or  techniques  selected  to  handle  spilled 
matter;  and  (5)  include  separate  and  specific  techniques  and  schedules  for 
cleaning  of  spills  on  land,  rivers,  and  streams.  As  used  in  this  stipulation, 
spill  control  is  defined  as  including  detection,  location,  confinement,  and 
cleanup  of  the  spill . 

(]')  F..espohsibility .  If,  during  mining  operations,  any  oil  or  other  hazardous 
substance  should  be  discharged,  the  control,  removal,  disposal,  and  cleanup  of 
that  substance,  wherever  found,  shall  be  the  responsibility  of  lessee.  Upon 
the  failure  oi  the  lessee  to  control,  remove,  dispose  of,  or  clean  up  the 
discharge,  or  to  repair  all  damages  resulting  therefrom,  the  Mining  Supervisor 
may  take  such  measures  as  he  deems  necessary  to  control,  remove,  dispose  of, 
or  clean  up  the  discharge  and  restore  the  area,  including,  where  appropriate, 
the  aquatic  environment  and  fish  and  wildlife  habitats,  at  the  full  expense  of 
the  lessee.  Such  action  by  the  Mining  Supervisor  shall  not  relieve  lessee  of 
any  responsibility  as  provided,  in  this  lease. 

10 


(C)  Reporting  of  Spills  and  Discharges.  The  lessee  shall  give  immediate 
notice  ot:  any  spills  or  discharges  of  oil  or  other  hazardous  substances  to: 
(1)  the  Mining  Supervisor  and  .(2)  such  other  federal  and  state  officials  as 
are  required  by  law  to  be  given  such  notice.  Any  oraL  notice  shall  be 
confirmed  by  the  lessee  in  writing  as  soon  as  possible. 

(D)  Storage  and  Handling.  The  lessee  shall  store  oil,  petroleum  products, 
industrial  chemicals  and  similar  toxic  or  volatile  materials  in  durable 
containers  and  locate  such  materials  so  that  any  accidental  spillage  will  not 
drain  into  water  courses,  lakes,  reservoirs,  or  groundwater .  Unless  otherwise 
approved  by  the  Mining  Supervisor,  the  lessee  shall  store  substantial 
quantities  (more  than  500  gallons)  of  such  materials  in  an  area  surrounded  by 
impermeable  containment  structures.  The  volume  of  the  contaimrent  structures 
shall  be  at  least:  (1)  one-hundred  ten  (110)  percent  of  the  largest  tank  plus 
displacement  of  all  other  tanks  in  the  compound  below  the  dike  height  or 
liquid  level;  plus  (2)  a  volume  sufficient  for  maximum  trapped  precipitation 
and  run-off  which  might  be  impounded  at  the  time  of  a  spill.  The  earthen  dike 
must  have  a  flat  surface  three  feet  wide  on  top  of  the  dike. 

(E)  Pesticides  and  Herbicides.  The  Lessee  shall  not  use  pesticides  and 
herbicides  without  the  approval  of  the  Mining  Supervisor.  Pesticides  and 
herbicides  shall  be  considered  treatments  of  last  resort,  to  bo  used  only  when 
reasonable  alternatives  are  not  available  and  where  their  use  is  consistent 

th  protection  and  enhancement  of  the  environment.    Uhere  pesticides  and 
herbicides  are  used,  they  shall  be  used  only  with  the  approval  of  the  Mining 
Supervisor  and  the  type,  amount,  method  of  application,  storage,  and  disposal 
I  1  be  in  accordance  with  .applicable  federal  and  state  procedures. 

Section  8.   POLLUTION — AIR 

tlil      ■'•  ;■   ill  |  :  ■■■    lurin;   ci   '   ction  and  o   ration   '■     ;see 
ties  all  applic      air  q 

standards  and  related  plans  of  implementation  adopted  pursuant  to  the  ■  Lean 
Air  Act,  as  amended  (40  U.S.C.  (1857-1857-1),  as  now  in  effect  or  as  hereafter 
amended,  or  if  it  should  be  superseded,  the  statute  superseding  it,  and 
•  J  'cable  state  standards.  Further,  the  Lessee  shall  submit  an  air  quality 
contrc  I    igram  for  approva]     the  Mining  Supervisor  as  part  o  '  the  deta 

:lo]  lent  plan.  The  program  shall  include  descriptions  of  emission  sources 
and  concentrations,  treatment  facilities  and  operations,  and  the  results  of 
emission  i 

(B)  Dust  .  The  Less  II  i.  ike  every  reasonable  effort  to  avoid,  or,  where 
avoidance  is  impracticable,  minimize  dust  problems.  Where  necessary, 
sprinkling,  oiling, -or  other  means  of  dust  control  shall  be  required  on  roads 
and  trails.  The  lessee1  shall  conduct  processing  operations  so  as  not  to  create 
environmental  or  health  problems  associated  with  dust. 

(C)  Burn  ing .  The  Lessee  shall  not  burn  waste,  I  Lmbi  >-,  or  debris,  except  when 
disposal  is  essential  and  other  methods  of  disposal  would  be  more  harmful  to 
the  environment  and  when  authorized  by  the  Mining  Supervisor. 

Section  9.   POLLUTION—WATER 


(A)  Water  Quality.  At  all  times  during  construction  and  operation,  lessee 
i  h  til  conduct  its  activities  in  accordance  with  all  applicable  Fi  d<  ]  .1  and 
State  water  standards  and  related  plans  of  implementation,  as  then  in  force. 
Where  applicable  federal  and  state  standards  do  not  exist,  the  Mining 
Supervisor  may  establish  reasonable  standards  to  prevent  degradation  of  water, 
and  the  lessee  shall  comply  with  those  standards.  The  lessee  shall  not 
discharge  waste  water  into  any  aquifer  deemed  by  the  Mining  Supervisor  to  be  a 
potentially  valuable  water  supply  nor  into  any  aquifer  which  wil]  discharge 
the  waste  into  a  surface  stream. 

(B)  Disturbance  of  Existing  Waters.  All  construction  activities,  exclusive 
of  actual  mining  activities,  that  may  cause  the  creation  of  new  lakes, 
drainages  of  existing  ponds,  diversion  of  natural  drainages,  alteration  of 
stream  hydraulics,  disturbance  of  areas  of  stream  beds  or  degradation  of  land 
and  water  quality  or  adversely  affect  the  environmental  integrity  of  the  area 
prohibited  unless  approved  in  writing  by  the  Mining  Supervisor. 

(C)  Control  of  Waste  Waters.  In  areas  where  overburden,  water,  or  waste  from 
mines  or  processing  plants  might  contain  toxic  or  saline  materials,  the  Lessee 
shall: 

( ]  )      '■ .  i  .  "  ■  ;       raid  tl        lion  of  t<  •  •      and 

saline  water  and  its  drainage  into  si>  ■  .  ,  or,  where  avoidance  is 
in, practicable ,  to  minimize  the  formation  of  such  waters  and  drainage,  by 
preventing  the  entry  or  reducing  the  flow  of  water  into  the  workings,  waste 
piles,  or  overburden-s torage  areas; 

(2)  Dispose  of  refuse  and  spent  shale  from  mining  and  processing  in  a  manner 
which  will  avoid  the  discharge  of  toxic  drainage  or  saline  water  into  surface 
or  groundwater; 

(3)  Employ,  upon  termination  of  operations  or  use  of  any  mine,  processing 
plant,  or  waste  disposal  site,  all  practicable  closing  measures  consistent 
with  ecological  principles  and  safety  requirements  in  order  to  avoid  the 
formation  and  discharge  of  toxic  or  saline  water; 

(A)  Dispose  of  toxic  and  saline  water  derived  from  mining,  processing,  or 
refining  operations  in  a  manner  that  does  not  pollute  surface  or 
groundwaters ; 

(.'))  During  mining  operations,  monitor  spoil  and  refuse  for  the  presence  of 
materials  likely  to  yield  unacceptable  alkaline,  acidic,  saline,  or  toxic 
solutes;  and 

(6)  Reinject  no  water,  except  in  compliance  with  Federal  and  State  standards 
then  in  effect  and  where  authorized  to  do  so  by  the  Mining  Supervisor;  if  the 
Lessee  does  reinject  water,  he  shall  establish  such  monitoring  as  the  Mining 
Supervisor  shall  require. 

(D)  Cuts  and  Fills.  The  Lessee  shall  not  cut  or  fill  near  or  in  streams 
which  will  result  in  siltation  or  accumulation  of  debris  unless  approved  in 
writing  by  the  Mining  Supervisor. 
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(E)  Crossings .  The  location  of  crossings  of  perennial  streams,  lakes,  and 
rivers  must  be  approved  in  writing  by  the  Mining  Supervisor.  To  control 
erosion,  the  Lessee  shall  maintain  buffer  strips  at  least  200  feet  wide  on 
each  side  of  such  a  stream  in  their  natural  and  undisturbed  state  unless 
otherwise  authorized  in  writing  by  the  Mining  Supervisor. 

(F)  Road  Surfacing Materials .   The  type  of  road  surfacing  materials  used  by 

the  Lessee  must  be  approved  by  the  Mining  Supervisor. 

(G)  Water  Management  Plan.  The  Lessee  shall  submit  a  water  management 
program  for  approval  of  the  Mining  Supervisor  as  part  of  the  detailed  develop- 
ment plan.  The  program  shall  include  hydrologic  monitoring  during  all  phases 
of  development,  operations,  and  abandonment,  and  shall  address  descriptions  of 
water  handling  facilities,  surface  flow  diversion  and  augmentation,  dams, 
impoundments,  seepage  control,  treatment  facilities,  and  groundwater  control 
in  the  vicinity  of  mine  workings,  in-situ  retorts  and  surface  waste  disposal 
areas.  A  contingency  plan  shall  be  included  for  excess  surface  and 
groundwater  flow.  Impoundments  for  storage  and  treament  of  poor  quality  water 
shall  be  constructed  to  prevent  contamination  of  ground  or  surface  water.  The 
plan  shall  include  best  available  information  on  the  source,  storage,  and 
disposal  of  all  water,  and  related  estimates  of  water  quantity  and  quality. 

Section  10.   POLLUTION— NOISE 

The  Lessee  shall  comply  with  all  applicable  Federal  and  State  standards  on 
noise  pollution,  as  now  in  effect  or  as  hereafter  amended,  or,  if  they  should 
be  superseded,  the  standards  superseding  them.  In  the  absence  of  specific 
noise  pollution  standards,  the  Lessee  shall  keep  noise  at  or  below  levels  safe 
and  acceptable  for  humans,  as  deti  mined  by"  the  Mining  Supervisor. 

Section  11.   R]  E1ABILITATI0N 

General     The  Less     iial]  Lee     h    'proved 

rehabilitate  ail  affed  I  Lands  to  a  usable  and  productive  o  con- 
'  stent  with  or  equal  to  pre-existing  land  uses  in  the  area  and  compatible 
with  existing,  adjacent  undisturbed  natural  areas,  or  in  accord  with  future 
planned  use  as  determined  by  the  surface  managing  agency  at  the  time  the 
develoj  lent  plan  is  pre  pa.  <  '  y  the  lessee.  b  Ltation  ods 
include,  but  are  not  limited  to  the  following:  leveling,  backi  ;;  Ling,  coiupac- 
i  ion,  covering  the  surface  h  topsoil,  and  revegetating  the  spoil  banks  and 
pit  areas  i :o  ■  with  ound  res  I  Lon'  e  thods .  The  Li  sssee  i  I 
reclaimed  land  in  a  usable1.,  non-hazardous  condition  such  that  soil  erosion  and 
water  pollution  arc  avoided  or  mil  ed .  The  Lessee  shall,  to  tl  tent 
practicable,  conduct  such  backfilling,  compaction,  leveling,  and  r,  ling 
concurrently  with  the  mining  operations.  Upon  removal  of  property  at  termina- 
tion of  the  lease  pursuant  to  sections  31  and  32  of  the  lease,  the  Lessee 
shall,  in  accordance  with  approved  plans,  complete  the  restoration  of  affected 
lauds  to  a  usable  and  productive  condition  co  ■'•  tenl  with  or  eqi  I  to 
pre-existing  land  uses  in  the  area  and  compatible  with  existing  a  jacent 
undisturbed  natural  areas  or  to  a  condition  determined  by  the  surface  managing 
agency. 

(B)  i  ■  orient  Plan.  Lessee  ihall  submit  for  api  tJ  by  tl  lining 
Supervisor  an  erosion  control  and  surface  rehabilitation  plan  as  part  of  any 
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exploration  or  development  plan.  The  initial  plan  shall  be  submitted  not  less 
t!  an  60  days  prior  to  start  of  raining  site  preparation  and  updated  each  year 
thereafter  before  March  13.  The  plan  shall  include,  but  not  be  limited  to, 
detailed  information  on  activities,  areas,  time  schedules,  standards, 
accomplishments,  methods  of  eliminating  or  minimizing  oil  shale  development 
impacts,  and  preserving  existing  topsoil-like  material.  The  Lessee  shall  base 
erosion  control  plans  and  procedures  on  a  maximum  100-year  precipitation  rate 
characteristic  of  the  area.  If  a  1.00-year  rate  is  not  available  the  Lessee 
shall  use  data  based  on  the  longest  period  of  reliable  information. 
Procedures  and  plans  shall  consider  flash  flood  effects,  mud  flows,  mudslides, 
landslides,  rock  falls,  and  other  similar  types  of  material  mass  movement. 

(C)  Stabilization  of  Disturbed  Areas.  The  Lessee  shall  leave  all  disturbed 
areas  in  a  stabilized  condition.  Stabilization  practices  shall  include,  as 
determined  by  the  needs  of  specific  sites:  seeding;  planting;  mulching;  and 
the  placement  of  mat  binders,  soil  binders,  rock  and  gravel  blankets  or  other 
such  structures.  Seeding  and  planting  shall  be  repeated  as  often  as  the 
Mining  Supervisor  shall  deem  reasonable,  if  prior  attempts  to  revegetate  are 
unsuccessful.  All  trees,  snags,  stumps  or  other  vegetative  material,  not- 
having  commercial,  ecological,  wildlife,  or  construction  value,  shall  be 
consi     .'  Fi    ■   hanical  chipping  idin   in  a  manner  that  wil]  ;  ;- 

on  or      -  2d  in  a     nei 
by  the  Mining  Supervisor. 

(D)  Surface  Disturbance  On-Site.  The  Lessee  shall  correct  surface 
disturbance  which  nay  induce  soil  movement  or  water  pollution,  or  both, 
whether  during  or  after  construction  or  raining,  in  accordance  with  the  surface 
rehabilitation  plan.  Wherever  possible,  slopes  shall  be  maintained  or 
constructed  at  as  low  an  angle  as  possible  to  facilitate  revege tation . 

(L)  Areas  of  Unstable  Soils.  The  Lessee  shall,  where  possible,  avoid  areas 
having  soils  that  are  susceptible  to  slides  and  slips,  excessive  settle- 
ment, severe  erosion  and  soil  creep  during  construction  or  operation-  When 
such  areas  can  not  be  avoided  the  Lessee  shall  design  construction  to  ensure 
maximum  stability.  The  Lessee  shall  make  soil  foundation  investigations  in 
conjunction  with  construction  activities.  The  Lessee  shall  make  such,  data 
available  to  the  Mining  Supervisor  upon  request. 

(F)  Materials.  The  Lessee  shall,  when  feasible,  utilize  waste  rock  from  the 
mining  operations  for  road  beds,  fills  and  other  similar  construction 
purposes.  When  not  feasible,  gravel  and  other  construction  materials  shall  be 
purchased  in  accordance  with  43  CFR  3610,  as  now  in  effect  or  as  here  after 
amended,  or,  if  it  shall  be  superseded,  t lie  regulation  or  rule  superseding  it, 
except  that  the  sale  of  such  materials  from  stream  beds  and  upland  soil  areas 
shall  be  avoided  unless  otherwise  approved  by  the  Bureau  District  Manager. 

((')  Slopes  of  Cut  and  Fill  Areas.  To  the  extent  consistent  with  good  mining 
practice,  the  Lessee  shall  maintain  all  cut  and  fill  slopes  in  a  stable 
condition  for  the  duration  of  the  lease . 

(H)  1  inpoundments  ♦  The  Lessee  shall  establish  safe  access  to  permanent  water 
impoundments  for  persons,  livestock,  and  wildlife,  but,  where  consumption  of 
such  water  would  he  harmful  to  humans  or  to  use  of  such  water  would  be 
detrimental  to  animals,  he  shall  take  necessary,  steps  to  prevent  access  by 
those  to  whom  it  would  be  harmful  or  detrimental. 
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(I)  Flood plains .  The  Lessee  shall  not  construct  improvements  or  conduct 
operations  in  i'J  oodplains  or  stream  drainages  when  it  is  reasonable  to  expect 
risk  to  human  life,  pollution  damage,  or  destruction  of  the  existing 
environment  caused  by  flood  damage,  without  the  express  permission  of  the 
Mining  Supervisor  and  without  providing  for  protection  of  any  such  improvement 
cons  true  ted . 

(J)  hand  Reclamation.  The  Lessee  shall,  unless  otherwise  directed  by  the 
Lining  Supervisor,  backfill,  compact,  level,  final  grade,  cover  with  topsoil 
or  topsoil-like  material  and  initiate  revegetation  of  each  segment  of  the 
operation  area  in  accordance  with  the  rehabilitation  plan  as  soon  as  that 
segment  is  no  longer  needed,  but  not  later  than  one  year  after  completion  of 
the  particular  operation,  unless  an  alternative  schedule  has  been  approved  by 
the  Mining  Supervisor.  Slopes  to  be  revegetated  shall  be  constructed  at  as 
low  an  angle  as  possible.  Special  attention  shall  be  given  to  minimize 
deleterious  hydrologic  effects. 

(K)  Overburden.  The  Lessee  shall,  unless  otherwise  directed  by  the  Mining 
Supervisor,  separate  overburden  material  and  stockpile  it  separately  as  to 
topsoil,  and  rock  material  for  later  use  as  fill  and  as  top  dressing  for 
rehabilitation  of  disturbed  areas. 

( L )   Revegetation. 

(1)  The  Lessee  shall  revegetate  all  portions  of  the  leased  lands  which  have 
;  i.  lii  turbed  by  his  operations  as  soon  as  possible  after  the  disturbance  has 
led  in  order  to  prevent,  or,  if  prevention  is  impractii  ;  I  ■,  to  minimize 

erosion  and  related  problems.    The  Lessee  shall  restore  the  vegetation  of 
disturbed  areas  by  reestablishing  permanent  vegetation  of  a  quality  which  will 
support  fauna  of  the  same  kinds  and  in  the  same  numbers  as  those  existing  at 
i  !  .     1     n.vi r o nmen t a]  ■  i  :  i  ' ,  i   obtained  under      :  ■  ■  ■  1  1  ( C )  i 
t  i  o  . 

submitted  !rc  the  Mining  Supervisor  for  approval.  The  Mining  Supervisor 
may  require  any  reasonable  methods  of  revegetation,  and,   if  he  deems  it 
desirable,  may  require  the  Lessee  to  fence  areas  to  assist  revegetation. 
however,  if  the  Lessor  determines,  at  the  time  of  submission  of  the  detailed 
c!e-  ■        plan  under     ■  ion  10(A)  of  this  lease,  that  the  lea:;    I 
will,  upon  the  termination  of  the  lease,  be  put  to  a  different  use  from  that 
to  which  they  were  devoted  Lmmedi  it»  Ly  >rior  to  the  issuance  of  this  lea 
ing  Supervisor  may  requl        Lessee  to  re   gel         Land  to  mi 
that  obji  i  Live,  except  that  the  Lessee  shall  not  be  required  to  expend  more 
money  than  that  needed  to  meet  the  first  revegetation  standard. 

(2)  The  Lessee  shall  initiate  a  revegetation  program  approved  by  the  Mining 
Supervisor  (with  concurrence  of  BLM)  at  the  start  of  production  to  (1) 
delineate  those  parameters  necessary  to  establish  vegetation  at  a  specific 
location  nd  show  that  successful  changes  in  vegetation  are  comp  I  :  with 
the  requirements  under  subparagraph  (1)  above. 

(3)  The  Lessee  sha]  !  demonstrate  at  the  time  of  submission  of-  the  detailed 
1         plan    n  [er   section   10(a)   of   this   lease   that   i 

I  cl  nolo]  /  is  available  Lo  enable-  him  to  provide  the  trevegi  M  ion  of  the 
disturbed  areas  which  is  required  under  paragraph  (1)  of  this  subsection.   If, 


; 
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in  the  opinion  of  the  Mining  Supervisor,  the  Lessee  has  failed  to  demonstrate 
the  required  technology,  he  shall  bo  required  to  submit  for  approval  a  program 
designed  to  obtain  the  required  technology.  If  the  program  to  obtain  the 
necessary  technology  is  satisfactory,  the  Mining  Supervisor  may  approve  the 
Lessee's  development  plan  submitted  under  section  10(a),  but,  if  the  Lessee 
has  not  demonstrated  the  necessary  technology  by  the  tenth  Anniversary  Date 
after  the  Lease  Year  in  which  the  development  plan  under  section  10(a)  was 
approved,  the  Lessee  shall  cease  all  exploratory,  development,  and  production 
operations  under  that  plan  until  he  has  demonstrated  that  the  necessary 
technology  is  available  to  him.  The  Lessee  shall  report  annually  to  the 
Mining  'Supervisor  on  the  progress  of  this  approved  program  to  obtain  the 
required  technology.  If  the  progress  appears  inadeqi  at  any  time,  the 
Mining  Supervisor  may  request  the  Lessee  to  amend  th  <>gram.  Llienever  the 
Lessee  has  demonstrated  the  necessary  technology,  the  required  program  shall 
terminate.  Where  the  Mining  Supervisor  finds  the  Lessee  has  conducted  his 
program  to  obtain  technology,  including  any  requested  amendments,  in  a 
diligent  niannej  raid  has  expended  funds  in  excess  of  $500,000  of  that  program, 
the  Secretary  may  determine  the  expenditures  in  excess  of  that  figure  to  be 
extraordinary  costs  within  the  terms  of  section  7(D)  of  the  lease  and  may 
credit  those  excess  expenditures  against  any  present  or  future  royalties  due 
Lessor,  provided  the  results  of  the  program  are  made  public. 

Section  12.   SCENIC  VALUES 

(A)  Scenic  Considerations  in  General.  The  Lessee  shall,  except  where  the 
Mining  Supervisor  has  approved  otherwise,  use  the  following  standards  in  all 
designing,  clearing,  earthmoving,  and  construction: 

(1)  Contours  compatible  with  the  natural  environment  shall  be  used  to  avoid 
si  ra ight  line  s  . 

(2)  Natural  colors  consistent  with  the  local  environment  such  as  pastels  or 
muted  shades  of  brown,  green,  reds,  or  greys  shall  be  used  in  painting  of 
facilities  installed  on  the  lease.  Bright  or  unnatural  colors  shall  be 
avoided  except  for  use  in  warning  signs  or  signals. 

(3)  Small  natural  openings  or  the  edges  of  larger  openings  in  the  natural 
environment  shall  be  utilized  in  construction  of  facilities,  or  disturbing  the 
land  surface. 

(4)  During  the  time  when  the  land  is  disturbed,  the  portion  of  land  which  is 
not  under  revegetation  programs  shall  only  be  those  areas  required  under  the 
mining  plan  for  mining,  storage,  processing,  or  disposal  operations  and 
related  facilities. 

(5)  Contouring  of  the  disturbed  area  for  reclamation  shall  simulate  natural 
opening  or  areas  consistent  with  the  surrounding  topography. 

(B)  Consideration  of  Aesthetic  Values.  The  Lessee  shall  consider  existing 
aesthetic  values  in  all  planning,  construction,  reclamation  and  mining 
operations.  All  operations,  including,  but'  not  limited  to,  design  and 
construction  of  roads,  pipelines  and  transmission  lines,  shall,  where 
practicable,  be  performed  so  as  to  minimize  visual  impact,  make  use  of  the 
natural  topography,  and  to  achieve  harmony  with  the  landscape. 
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(C)  Protection  of  Landscape.  The  Lessee?  shall  design  any  structures  and 
facilities  built  under  this  lease  so  that  they  will,  to  the  extent 
practicable,  blend  with  the  natural  landscape. 

(I))  Signs .  The  Lessee  shall  design  and  construct  signs  that  arc  rustic  in 
appearance  and  to  conform  to  liLM  sign  standards. 

Section  13.   VEGETATION 

( A )  In  General . 

(1)  The  Lessee  shall  reserve  from  cutting  and  removal  all  timber  and  other 
vegetative  material  outside  the  clearing  boundaries  and  all  blazed,  painted  or 
posted  trees  which  are  on  or  mark  the  clearing  boundaries,  with  the  exception 
of  dangerous  trees  or  snags  designated  as  such  by  the  Mining  Supervisor. 

(2)  The  Lessee  shall  ensure  that  all  trees,  snags  or  other  woody  material  cut 
in  connection  with  clearing  operations  arc  felled  into  the  right-of-way  and 
away  from  live  water  courses. 

(B)  Timber.  The  Lessee  shall  deal  with  timber  in  accordance  with  the 
following:  clearing  and  grubbing  limits  shall  be  approximately  5  ft.  outside 
of  the  edge  of  any  cut  or  fill;  where  practicable,  trees,  snags,  stumps  or 
other  woody  material  not  having  wildlife  value  or  value  to  the  Lessee  shall  be 
m  ichanically  chipped  and  spread  in  a  manner  that  will  aid  seeding 
establishment  and  soil  stabilization  or  handled  in  a  manner  approved  by  the 
Mining  Supervisor;  clearing  boundaries  shall  be  idenl  Lfi  <;  on  the  ground  prior 
to  clearing  operations. 

(C)  Clearing  and  Stripping.  The  Lessee  may  clear  and  strip  only  such  Land  as 
is  n       ry  Tor  mining,  processing,  i        ions  u 

|  .         '  opera!  ! 

necessary  for  ro    eds,  but  such  ro   bed    dths  shall      01    re 
from  the  centerline,  unless  specified  by  the  Mining  Supervisor. 

Section  14.   WASTE  DISPOSAL 

(A)   Mine   Waste.     The   Lessee   shall,   in   accordance   with   the   det.  :   d 
dev  :     n1   plan  under  section  10(a)   of   this  lease,   backfill  or  re 
exc,  /ated   m,  te  'i,  I   and   spent   shale   and   shall   compact   it   thor  >u  hly   by 
machinery  to  avoid  or,  where  avoidance  is  impossible,  minimize  erosion. 
Lessee  shall  design  slope  facer,  of  waste  piles  to  ensure  slope  stability  and 
11  revegetate  slope  faces  in  accordance  with  the  rehabilitation  plan. 

('*)  Other  Disposal  Areas.  The  term  "waste"  as  used  in  this  subsection  (B) 
means  all  waste  other  than  mine  waste.  In  accordance  with  approved  plans,  the 
Lessee  h a  1 1  collect,  recycle  or  di  se  of  waste  in  sanitary  land  fills  or 
other  disposa]  areas,  and  shall  use  the  best  practicable  portable  or  pi 
waste  disposal  systems  as  approved  by  the  Mining  Supervisor.  The  Lessee  shall 
remove  or  otherwise  dispose  of  all  waste  in  a  manner  acceptable  to  the  Mining 
Su|  vj  >r ,  and  Ln  accori  nci  with  ill  applicable  taridards  tnd  u  ;  I  \  I  '  i  ■  o  f 
i     tate,  the  United  States  Public      Ltb  ■  ■  ■  ■■  c<   and   the  i  tal 

Protection  Agency. 
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(C)   Disposal  of     Solid  and  Liquid Wast(      The  Lessee  shall  design  and 

construct  disposal  systems  for  solid  and  liquid  wastes  so  as  Lo  avoid 
landslides,  control  erosion  by  wind  and  water,  and  establish  conditions 
conducive  to  vegetative  growth  in  the  disposal  area.  The  Lessee  shall  select 
and  prepare  disposal  sites  for  wastes  so  as  to  avoid  downward  percolation  of 
leached  products  and  other  pollutants  in  aquifers. 

(]))  Impoundment  of  Water.  No  disposal  of  mine  waste,  other  waste,  or  the 
residue  from  any  activity  under  this  lease  shall  be  disposed  of  in  a  manner 
which  could  cause  an  impoundment  of  water  unless  plans  for  spillways  and  means 
of  diversion  and  the  prevention  of  both  surface  and  underground  water 
con:  lation  have  been  prepared  by  the  Lessee  and  approved  by  the  Mining 
Supervisor,  and  the  Lessee  has  complied  with  those  plans. 

(E)  Slurry  Waste  Disposal.  Whenever  slurry  waste  disposal  is  used  the  Lessee 
shall  provide  impoundments  sufficient  to  contain  landslides j  mud  flows,  or 
waste  pile  blowouts. 

Section  15.   SOCIOECONOMICS  AND  OFF-SITE  TRANSPORTATION 

Che  le        requi      •  consul!    :  :  i    ec      ate      ;  •  .  '    "...    its 
addressing  social,  economic  arid  transportation  impacts.    The  following  is 
provided   as   a  means   to   assist   state   and   local   government   agencies   in 
predicting,  planning  for,  mitigating  and  monitoring  these  impacts. 

(A)  Socioeconomic  and  Transportation  Report.  The  lessee  shall  prepare  and 
submit  a  report  to  the  Mining  Supervisor  together  with  the  Detailed 
Development  Plan  required  in  Section  10  (a)  of  the  lease.  This  report  will 
consist  of: 

(1)  A  description  of  existing  social  and  economic  conditions,  and  existing 
off-site  transportation  systems  and  capacities: 

(2)  The  estimated  number  of  employees  the  specific  lease  operation  wil] 
require  during  each  phase  of  construction,  mining  and  processing  on  the  leased 
lands;  the  estimated  multiplied  population  attendant  to  that  employment;  and 
where  that  population  is  anticipated  to  reside; 

(3)  Based  on  information  acquired  in  consultation  with  state  and  local 
government,  an  analysis  of  the  estimated  effect  of  that  population  influx  upon 
the  county  and  community  infrastructure,  including: 

(1)     the  transportation  system  at  the  county  and  local  levels, 

(ii)    the  domestic  water  requirements, 

(iii)     the   domestic   sewage   treatment   facilities   and   collection   system 

requirements, 

(iv)    the  requirements  on  the  educational  facilities, 

(v)  the     requirements     the    new     population     will     impose     upon     the     fire     and 

pol.ice    protection    system, 

(vi)  the     requirements     that     the     additional     population    will     make     on     local 

government    service    systems.,    with    primary    emphasis    upon    the    normal    public    works 

of    both   county   and    municipal    governments, 

(vii)      the   requirements   on    the    human    service    system, 
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(viii)  the  requirement;;  imposed  upon  the  parks  and  recreation  system,  and 

(ix)    an  estimate  as  to  the  need,  hy  type  and  amount  of  housing  which  the  new 

population  will  require  on  a  community  hy  community  hasis. 

(4)  A  statement  of  the  '  .mediate  impacts  and  long-term  effects  of 
construction,  mining  and  processing  on  the  leased  lands  to  Lranpor tat  ion 
facilities  within  the  state,  including: 

(i)     the  estimated  transportation  modes(s),  route(s),  and  frequency  of  trips 

for  the  extracted  resources, 

(ii)    contemplated  construction  of  transportation  facilities,  and 

(iii)   the  extimated  effect  of  any  truck  movements  on  the  rate  of  roadway 

pavement  deterioration,  on  the  design  life  of  the  transportation  mode,  on  the 

level  of  service  repair  and  on  overall  safety  to  the  motoring  public. 

(5)  A  statement  of  the  proposed  mitigation  measures  which  may  be  implemented 
to  assist  in  dealing  with  these  impacts; 

(6)  A  statement  of  the  perceived  roles  and  responsibilities  of  the  lessee, 
the  affected  local  governments,  and  the  State  of  Colorado,  relating  to  the 
technical  and  financial  needs  of  the  affected  communities;  and 

(7)  a  description  of  the  monitoring  program  that  wj  I  I  provide  a  record  of 
changes  in  the  social,  economic  and  transportation  conditions  prior  to  and 
during  development,  and  to  determine  the  effects  of  the  implemented  mitigation 
measures. 

In  preparing  this  report,  the  lessee  may  su  i]  !  lent  site-specific  data  with 
data  compiled  by  others.  A  determination  for  comp  eten  wi  ' !  I  de  by  the 
Mining  Supervisor. 

Che  Li    e  shall  consult  with  affected  local  go   ■       igencies  to  determine 

:  .  ■     Lemen     to   be      ' ■  !  i  ! 

1  Lion  but  LI,  as  a  i  ■  . 
.  ted  in  this  subsection.  In  addition,  the  lessee  will  provide  to'  the 
Mining  Supervisor  other  available  plans  and  projections  that  could  be 
Lai  to  planners  in  health,  education,  transportation,  housing 
recre  tion,  a  nd  ;  i  blic  tnd  so  La]  lervices .  The  Lessee  shall  xn  rds 
of  all  information  obtained  under  the  monitoring  program  and  shall  submit 
the  Mining  Supervisor  a  report  of  the  socioeconomic  and  transportation 
monitoring  pro,  as  ]  irt  of  the  annual  progress  report  cequ  under 
Section  10(c)  of  the  I  se  and  otherwise  make  such  data  available  to  cone  rn  id 
government  agencies.   » 

(  '.)  Comi  unity  A I  I  airs  spec  fa  list .  The  lessee  shall  designate  a  Colnmunity 
Affairs  specialist  to  work  directly  with  the  appropriate  Federal,  State  and 
local  authorities.  This  official  will  maintain  communication  with  planning 
personnel  in  order  to  inform  them  of  the  Lessees'  plans  and  ;tivi1  Les,  ■ 
assist  Ln  providing  technical  services  for  planning,  as  required.  The 
Lessees'  efforts  shall  be  directed  toward  cooperation  with  and  assistance  to 
Local  and  regional  entities  in  alleviating  socioeconomic  and  transportation 
impacts  and  assuring  a  wel]  order  sd  ci  imu   ty  development  process. 
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